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SOj\IE OBSEEYATIONS ON THE PREPARATION 
OF MANNOSE 

BY 

E K NARAYANAN, m a , m sc (Madras) 

{From the Cholera Field Inquiry in Bengal, I R F A , All-India 
Institute oj Hygiene and Public Health, Calcutta ) 

[Received for publication Septeraber 30, 1040 ] 

The preparation of mannose by the acid hydrolysis of the endosperm of the 
vegetable ivory nut, the Brazihan Tegua palm, Fhytelcpas macrocarjia, has become 
a routine procedure m this laboratory The material for tins preparation is 
imported from Amenca as a meal consisting of the sha^ mgs and filings produced 
as a by-product m button indiistn The use of this meal m the preparation of 
mannose dates from Fischer (1888) and the method has been modified bv Horton 
(1921) and by Clark (1923) Bose (1919) has folloved the modified method and 
has shown that the impure solution of mannose produced therein as a half-vaa 
stage can be substituted for the cnstalline sugar m bactenological work connected 
with cholera 

In following this method the present author has found that during the 
recommended period of 2^ hours’ hvdrohsis m boiling normal sulphuric acid the 
Meld of the sugar in the hydrolvsate is \en much lower than what was obtained 
b% Bose (/oc cit ), and that this period is insufficient to liberate all the sugar 
from the polysaccharide The Indrohsis has been repeated as manv as 18 
tunes (ten times on one sainnle of the meal and eight tunes with another) on two 
consignments of the meal imported on separate occiMons and the digestibilit\ 
as well as the total sugar content ha\c been found to be of the same order in 
both cases As a preliminarv to devising more fuonraiilc conditions for the 
preparation, a compamtne sludi of the rates of liberation of m innosc from the 
meal b\ aanous methods of hvdroh'sis was undertaken ns abo control erpen- 
ments on the effect of the drastic treatments on the liberated manro'^e Since 
we are stocking our mannose m the form of a neutral, stenlircd anmous solution 
and ns some of our older stock solutions were found to contain much levs 'ugar 
than recorded on them, the stabiliti of mannose in solution during s,oMge a as 
also iii\ estigated 

J, iip 


( 1 ) 


1 
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Poeparahon of Mannose 


Figures for tlie comparative lates of liberation of mannose in various methods 
of hydrolysis are given in Talile I In Table II are given the actual yields of the 
sugar in the clrfferent preparations as against the conditions of the hydrolysis The 
yields are expressed as grammes of sugar in 100 c c of the hydrolysate under 
comparable conditions of experiment The figures for the stabihty of the sugar 
under the concbtions of the hydrolysis as well as durmg storage are also given 
under separate heacbngs 

Mannose has invariably been estimated gravimetricaUy as its phenyl-hyrlrazone 
and data have been collected to indicate the accuracy of this method The identity 
of the sugar has been checked liv the melting point of the phenyl-hydrazone 
derivative detenmned directly as well as after admixture with the derivative from 
an authentic sample 


Tablu I 

Compansoii oj the oat^ oj hydiohjsis in the autoclave (10 lb), on the 
wire-gauze, awl on the salt water-bath (106°C' ) 

[Two hundred g of the meal treated to an aUcabne wash, washed vnth water 
till neutral and dried The resultmg powdered meal which is 75 per cent of the 
origmal weight is mixed ^vlth 110 c c of 65 per cent (13 N) sulphunc acid and left 
at room temperature for 24 hours Then are added 1,200 c c of water and the 
meal suitably hydrolysed Portions of the digest taken out penodically, filtered 
and estimated for mannose ] 


Time in 
hours 

Per cent of jiannosf in the 
hideoltsate 

Autoclave 
(10 lb ) 

i 

Wire-gauzp 

Salt 

water bath 

1 

0 

1 1 

1 1 

1 

1 


1 


2 9 

24 

2 


40 

33 

H 

42 

i 


3 


6 1 

48 

4 


64 

47 

7 


68 

49 

10 


62 

1 


15 


1 

1 ; 

62 
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Yields of mannose in different 'preparations 
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Ivorv nut meal 
nseil 


Meal 1 


t 


Meal 2 { 


Process of hvdrolvsis 

Duration of 
hydrolysis in 
hours 

Xumber of times 
hydrolysis was 
repeated in the 
same wav 

\verage 
weld, 
per cent 

Autoclave 10 lb 

>1 

1 

4 2 

Wire game 

-t 

1 

1 0 

Salt water bath, 10i’( 

2i 

1 

2 S 


5 

2 

3 4 


G 

1 

4 2 

i 

7 

a 

4b 

tVire gauze 

10 

t 

1 

f. 2 

Salt water bath, lOS^C 

7 

1 

4 2 


n 

I 

a 0 


n 


G ! 


Degree of accuracg in the estimation of mannose as plicnifl-hgdrazonc 

Experiment 1 — Solutions of crystalline mannose were innclc and uninediateU 
analysed 


Concentration of tlie 
solution b\ actual 
weight of Bugar, 
per cent 


Concentration found 
bv nnah bu , 
per cent 


1 8 
38 


Experiment 2 — ^Two mannose preparation*; were anah'dl in dnplioitc 


Xumber of I 

AnaU'isNo 1, 

Anah i No 2 

prcparition 1 

1 

per cent 

^ P"r cent 

1\C 

4 93 

4 

N't 

1 4 34 4 
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Preparation of Mannose. 


Pestruclion of mannose hy contact toitli N acid 

Experiment 1 — A 6 per cent solution of crystalline mannose in N sulphuric 
acid was made and one portion kept at room temperature (30°C ) for two days and 
analysed 

Concentration found 6 47 per cent 

In view of the fact that a 2 per cent solution of crystalline mannose was found 
to be 1 8 per cent and a 4 per cent mannose was found to be 3 8 per cent on immediate 
analysis the above figures for contact with hT acid for two days indicate no destruc- 
tion of sugar 

Experiment 2 — ^Another portion of 6 per cent mannose in N sulphuric acid 
was boiled under reflux for ten hours and the volume checked and found to be 
unchanged The solution was then analysed 

Concentration found 5 1 per cent 

Based on the value of 6 47 per cent estimated for the unboiled sample there 
18 a reduction of 7 per cent in the sugar concentration 

Stabibty of mannose in neutial (pH 6 to 7) steiilized aqueous solutions at 
summer temperatures (35°C ) for periods nearly three months 


Solution 1 
number 

Concentration nt tho 

Concentration after 

beginning of tho 

tho lapse of 3 

period, per cent 

months, per cent 

NO 

4 36 

1 

4 43* 

N2 

2 8 

i 

2 06 


* Note tho dogreo of accuracy usually observed in 
duplicate deter niinations 


It Will be seen that with the two meals under consideration about 4 per cent 
mannose accumulates m the hydrolysate during 2^ hours direct boilmg on the 
ware-gauze or autoclaving at 10-lb pressure , and a httle less than this amount 
results by digestion in a boiling saturated salt water-bath (105°C ) Bose has, 
however, obtained a yield of 8 6 per cent sugar in the hydrolysate during the 
period by working on a sand-bath Comparatively the wire-gauze process is hable 
to breakage of the glass apparatus due to the almost unavoidable violent bumpmg 
of the saw'-dust-like material which is never completely dissolved Autoclavmg 
18 simple enough, but the product is caramehzed Digestion on the salt water- 
bath IS slower but safer Some discontmmty observable m the course of t e 
hydrolysis in this case is due to the unsteadiness in the heatmg qualifaes o our 
improvised baths The maximum yield of sugar thus far obtamed is abou per 
cent in solution and this occurs after ten hours’ digestion over the wir^gauze 
or 15 hours in the salt water-bath Control experiments for the destruction ox 
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iimnuo>5o undor llio conditions of llicir prolonged hjdroljsis slioii cd m itli crystalline 
innnno^c altont 7 per rent decomposition in 10 hours Tins loss, liowcvcr, is more 
tlmii ( oni]iens itcd for hi tlio inrrcised iiclds No deterioration of sugar takes 
])lnre 1)\ contact miIIi nornul sulphuric acid at ordinar} room temperatures (30°C ) 
for jiermds as long ns two dais and so there is no nccessit} to hurr}' through the 
ditTcrc nt stage'- of the prep iration Xcutral (pH betw ecu 0 and 7) sterilized aqueous 
solutions of mannose jirepircd in tins manner have remained iindimimshed in 
strcnetli at •■ummor tom])eritures m llcngal ( 5'3°C ) for periods as long ns three 
months Tins fnt has been pirticularh helpful m clearing certain doubts which 
crojijicd u}) as a result of some of our older stock mannose solutions being found to 
be much jioorcr in sfrengtli tliin indicated on tlicir labels 

In larraing out the IndroK'-cs as well ns in estimating the mannose no 
dcaiations lia\c been made from jircviou-- workers in essential details It may, 
howcacr, be said in jnssmg that in the rcmoanl of biilpliunc acid from solutions 
of ninnno-e baniiin carbonate is to be jireferrcd to bnniiin hydro\ide ns the danger 
of a large lotal increase in the alkalinita of the liot solution, resulting in a certain 
amount, howcaer small, of destruction of sugar and its mutation to fructose and 
glucose (Lobra dc Hniyn and a an Kkenst cm transformation) is absent in the case 
of the carbonate It is at the same time chc.iper 

I'or the quick and ciiiantifatiac rcmoa’al of barium from mamiose solutions 
a sinijdc and rapid technique his been dea eloped An aliquot portion, usually 
2 c c of the solution, is treated m a small centrifuge tulie with small quantities at 
a lime, us m a titration, of a dilute solution of sulphuric acid of knoavu strength 
from a inicroburcttc, and eacri time the precqntate is sedimented in the same 
tube aaitli the help of a hand ccntnfuue The exact quantity of sulphuric acid 
needed is indicated ba the point at aaliuli no precipitate forms avhen a drop of 
acid is added to the clear supernatant Knoacing the titre value of the ahquot 
the amount for the a\ hole of the liquid is calculated in terms of a more concentrated 
acid and this quantity ada antageously added aaithout unduly diluting the flmd 
This technique has been followed with uniform success in aD the preparations and 
the resulting solutions haa c been found to be free from barium and aU but a trace 
of sulphate 

SuaiMARa 

1 The usually recommended period of 21 hours’ hydrolysis in boihng normal 
sulphuric acid is insufficient to hberate all the aamilable mannose from its poly- 
saccharide in the ivory-nut meal, while about ten hours’ direct boding on the 
avTte gauze is found to be necessar> 

2 The amount of destruction of sugar by contact axith boilmg normal 
sulphuric acid for ten hours is about 7 per cent , whde there is no reduction m the 
concentration of the sugar if the acid solution is kept at room temperature 
(30°C ) for two days 

3 Comparative studies have been made on different methods of conducting 
the hydrolysis of the ivory-nut meal and digesting m the salt water-bath (lOS^C ) 

IS recommended as the safest and the best 
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4 Mannose as obtained in these hydrolyses has been found to remain 
undimimshed in strength when kept in a neutral (pH 6 to 7) stenhzed solution foi 
periods as long as three months at temperatures near about 36°C 

5 A simple and rapid techmque has been developed for the iemo\al of 
barium and infeientially of sulphate from solutions 
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COMPLEArEM'-]- JX VTIOX IX LEPROSY WITH ANTIGENS 
PKEPVKED I'POH \AHI()US ACID-FAST BACILLI 

in 

J)}I VIOfLXDKA, Mil, us, DB, 

K ]5()''K, n EC 

(Hor/ donr uvder the huhnv Ri'^cnrch Fund Association at the 
School of Tropical Medicine, Calcutta ) 

[Ucccircd for publication, Juh 12, 1940 ] 

I ^TROD^JCTIO^ 

Iot\F AMI Gre\ M (W30) linc(l% rcMctted the Iiternture of complement- 
fnntinn in lcpro'5\ ^\lth '-pccinl reference to the use of Witebskc, Klingenstem and 
Kuhn (W K K ) lutigen — tu antigen prepared front the alcohol-insoluble portion 
of the liunnu tubercle bacillus Lsing tins antigen these authors performed the 
test in a large number of c ises of lejtrosc and of other diseases They considered 
the test to be of little \alue in diagnosis or nrognosis of the disease Moreoaer, 
the test t\as not found to be •’pecific for leprosa since positwe results could be 
obtained m other diseases, ciiiefla leishnianiesis, and since cases of the neural tt^e 
of lepros} usualh gnac negatiae results 

All the avorlvcrs a\ho haae studied coniplement-fi\ation in leprosy agree that 
a large ])erccntage of cases of lepros} gia e a positia e coniplenient-fixation test anth 
antigens prepared from the a anous acid-fast bacilh The fixation of the comple- 
ment by leprous sera in presence of an antigen prepared from an organism isolated 
from leprosy lesions could not therefore mean that the orgamsm in question avas 
the causatiam organism of leprosy Cooke (1919) avho performed complement- 
fijation in 20 eases of leprosy using ns antigen emulsions from 16 different 
acid-fast bacilli arrived at this conclusion Similar findmgs aaere made by 
Leaais and Aronson (1923) avho used 13 diffeient bacillarv antigens Lleras 
Acosta (1936), hoaveaer, reported that the results of complement-fixation by 
leprous sera a\nth an antigen prepared from the acid-fast bacillus arhich he had 
isolated from the blood of lepers furnished a ‘ proof of unquestionable value ’ that 
the organism isolated by him avas the gemune orgamsm of leprosy 

( 7 } 
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The work of Cooke and of Le\vis and Aronson was done with crude antigens 
Since then efforts have been made to improve the antigens in order to make comple- 
ment-fixation more specific It appeared possible, though not very likely, that 
with the antigens prepared according to recent methods and witli the improved 
techmque, complement-fixation tests might throw some hght on the genuineness 
of the supposed cultures of the leprosy bacilli The present investigation was 
undertaken with a view to exploring this possibility 

It was decided to test the complement-fixing power of sera from cases of leprosy 
and of other diseases m the presence of the antigens piepared from vanous acid- 
fast bacilh includmg some of the supposed cultures of leprosy bacilli The antigens 
from the different cultures were to be prepared by the same method and the same 
techmque for performing the test was to be used throughout The techmque used 
by Lowe and Greval (loc cit ) and described by Greval, Lowe and Bose (1939) was 
selected as it takes into consideration the proper standardization of the antigen 
and the proper measurement of complement The technique consists in using a 
standardized antigen and the luemol’^ic system of method No 4 of the Report 
of the Medico 1 Research Committee on the Wassermann test 

Selection op a method pob the preparation of the antigens 

A number of prehnunary tests was carried out to select a method for the 
preparation of an antigen likely to be the most specific and sensitive 

The two tnethods — The choice lay between the method of IVitebslcy, Khngenstein 
and Kuhn (W K K ) and that of Boquet and Negret w'hich was used by Lleras 
for the preparation of his antigen Tlie antigen prepared bj’- the W K K method 
consists of a piuidm extract of the alcohol-insoluble portion of the baciUi, dissolved 
m benzol The antigen prepared by the Boquet and Negret’s method, however, 
consists of an alcohohe extract of the dried and powdered bacilh Lecithin is 
added to the W K K antigen but not to the Boquet and Negret antigen The 
addition of lecithin to an antigen is known to make it more sensitive It was, 
therefore, considered desirable to find out first if lecithm will increase the sensitivity 
of the antigen prepared according to Boquet and Negret’s method 

Semitization of Lleras’ antigen by the addition oj lecithin — ^Lleras’ antigen was 
sensitixed by the addition of lecithm in the following mamier One c c of 1 per 
cent alcoholic solution of lecithm was evaporated and the residue was dissolved m 
2 c c of the antigen The antigen, after the addition of lecithm, was siutably 
diluted Parallel tests usmg the sensitized and the unsensitized antigens were 
performed with sera from 14 cases of leprosy and eight cases of other skin 
diseases The results with both the antigens were similar with the seia from 
cases of the ‘ lepromatous ’ t}q)e of leprosy and from cases of the other diseases 
The addition of lecithin to the antigen, howevei, increased its sensitmty when 
tested ivith the sera from cases of the ‘ neural ’ type of leprosy There w^cre mne 
such cases in the senes , with the unsensitized antigen there was complete luemo- 
lysis in all the cases With the sensitized antigen, however, there was complete 
or partial hsemolysis m only four cases, in the other five cases hsemolysis was 
inhibited completely or almost completely 
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Con pari'^ott IxlfOuit tin nulloi^ of JinquH and Ncgrct and that of W K K — 
lliMiii: Ob'-on 0(1 11 i( Ibo ubhnonof Iccitlnn mrrciscd tlic sensitivity of annutigcn 
propirod u oordin ' to Jloijni ( md \i sirct s nictliod, tlio next step was to compare 
ibn '■oimtirtd nntiiifn \tt1i tin one jirejniod bi tbc K K metliod Fortius 
p irpo'-o antiiioii'' wir* jiromrid from riiifiiros of Kcdioi\s1v> ’s and Lleras’ bacilli 
b\ the tvo dilT'nnf inothoK dime montioucd and were sensitiml b} tlieadcbtion 
of Icoitliin 11 km uitiL'i m \s( u tbmlo-Ud ifiamst «cra from cases of the ‘ neural ’ 
and tlio ' lonromat OIK' f'.]!!" of Iv’too*;! ind oilier sli.in diseases The results 
obtained vitb tin 1\ o ' m iiromrcd fiom the Kedrow ski’s bacillus arc sliown 
b cl oil — 


COJiriTTJ on AtMOST COltrLETE rs 
' lliniTIOS 01 It EM0L\SI3 avmi THE 
\llli|t« r of AVTIOENS inEI AJIED 111 




W K K incdiod 

] 

Bouquet and 
Xegrot B method 

Irj ro t/ — 



1 

‘ l/'jiMmal'iti tvjc 

JO 

19 

] 

17 

'NdinPUjx Im' t» rml'vK vll\ 

1-1 

11 

0 

* NdinP U po, b irl \I1\ ^ 

52 

13 

1 1 

13 

Tot^c 

bb 

43 

30 

1 

Other 

1 

53 

11 

13 


The antigens prepared from the Lleras’ bacillus gave similar results 

Thus, the antmen prepared according to the "W' K K method appears to be 
more scnsitn c than the one prepared b> the method of Boquet and Negret The 
IV K IK method uas, therefore, selected for the preparation of the antigens from 
the diflcrcnt acid-fist bacilli to be used in our investigation 

Complement-fixation mttii the AN'rioENS from six different acid- 

FAST BACILLI PBIPARLD BY TlfE W K K METHOD 

The organisms used — The acid-fast bacteria used for the preparation of the 
antigens in the laboratorj' included cultures of Mycobacterium phlei and of the 
so called leprosy bacilh of Kedrowsky, Lleras, Beyon and Duval The W K K 
antigen from tubercle bacillus i\as purchased ready made 
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Standardization oj the antigens — ^AU tte six antigens weie titrated to find out 
the strongest dilutions which could he used without getting any anti-compIementary 
effect These dilutions weie found to be between 1 in 40 and 1 in 60 for the 
different antigens Each time a test was set up, a tube containing one dose of 
such antigen dilution was put up with one m h d of complement to detect any 
anti-complementary activity of the antigen In the test proper two m h d of 
complement were used 

The sera used jor the tests — Sera from 125 cases of leprosy and from 68 cases 
of other diseases have been tested Eesults uitli the sera from 13 cases of 
leprosy had, however, to be ignored because of the discovery that after four months 
the titro of the antigens had fallen markedly The findings made in 112 cases of 
lepros}' and 58 of other diseases are, therefore, left 

The sera for the test were inactivated at about 55°C for 30 nunutes ,411 the 
sera v ore first tested in a 1 m 5 dilution , for the sera which inhibited haimolysis 
either completely or almost completely (with only a trace of lysis) further dilutions 
of 1 in 26, 1 m 60 and 1 in 100 were put up 

The results loith the so a diluted 1 in 6 — The detailed results of the tests ivith 
1 in 5 dilutions of the sera are shown in Tables I, II and III These lesults may 
be summarized as under — ' 




Cases pKonirorNG 

Cases PEontrciNa 



COMPLETE INHLBITION 

COMPLETE INHIBITION 

1 


OF LVSIS IN PEESENOE 

OF LISIS IN PEESENOE 

1 

Total 
number 
of cases 

OF ALL 

THF SIN 

OF ONE OB MOEE SXTT 

Biseast 

ANTIOENS 

NOT ALL THE ANTIGENS 

1 

1 

Number 

Percentage 

Number 

Percentage 


Leprosy — 





1 

1 

‘ Lepromatoiis ’ type 

19 

16 

8i2 

2 

10 6 

‘ Neural ’ type, bactonologically 
positive 

13 

8 

61 S 

5 

28 6 

‘ Neural ’ typo, bactenologioally 
negative 

80 

18 

i 

22 6 

6 

76 

Other diseases — 






Leishmania infections 

8 

8 

100 

0 

00 

All other diseases 

SO 

0 

0 

4 

80 
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A ( oiisuici itioii of the ro'^uU^ out m Tiibics I, II nncl III {sco Appendix) 
hriJii:'’ out tiu folloujjig jiomis — 

1 \ \(r\ Iiiyii ]nr((n(i”eol cri (til 2 per tent) from cases of the ‘ Icpio- 
nutous t\p( of h prn^\ (put tin. i omi)Icnienl conij)letelv ni presence of all the six 
inligti)'' 'I In jt< n ( nt me of "tu li "i r i is lower in tlic liactcriologioally positive eases 
of tlic ‘ lu nr il t\]u (ol jjnrtmt) iiul nuu li lower in tlie bacteriologically negative 
cases of the in tin! l^pL (22 ‘t per cent) 

2 Out id iln* bt' Sill from < mes of otlicr diseases onl\ eight (13 7 per 
cent) lixed tin' conipluinnt (oinpieliK in jircsencc of all the antigens Seven 
of llnse s(r) wen obt lined from pit lent s sullering from kala-a/ar and the eighth 
one from i c »s( of dorm il h islim uiiasp If these cases of Icishinama infection 
ire excluded not m » ^mglc uptime did i scrum from v jiaticnt suffering from 
m\ 'list Pi other tliiin Icprosi ti\ the complement tomplctcK in presence of all 
llic Jintigcns 

i \11 the six .intigcns njipeir t<> l>tlia\c in a similar wax but the antigen 
lirejiirel from tin 1 lens lucillus upjiears to be slightlx more scnsitix'c than the 
other mtigni'- It will lit seen from I il>li 11 that 1 1 8 per cent of all the sera 
fixed tlic comjdement coiiijilettlx or dniost tomplctclx in presence of the antigen 
jirejiircd from Idoris bstilliis, wink the percentage of the sera acting similarly 
in presence of the other antigens xaricd between 38 8 and ‘J18 

Jhis diflcrcnee in the seiisitiMlus of the diilerent antigens is also brought 
out by analxsis of the results of the sera which acted differently with the 
different anligcm Identical results were olitaiiied with all the antigens in 
110 of the sera tc-kd, ic in hi 1 jicr cent of the sera The findings made 
witli the remaining SO vre ‘-hnwn in'latilc 111 This talilc sliows that complete 
or dmcpt comjiletc inhilntion of Ijsis was seen 20 times in presence of the 
antigen from Jderis haciilus wliilc with the other antigens the number of such 
reactions xaricd bctxxccn 11 ami 19 

'J This difference in the sensitivities of the antigens does not appear to be 
caused lij in\ s[)ccifKit\ T.iblcs II and 111 show that the greater sensitmty of 
a particular antigen is as ijiparenl in the non-leprosy cases as m the leprosx cases 
-for example, let us consider the antigen prepared from Lleras’ bacillus which has 
been found to be the most scnsitixc of all the antigens used A reference to 
Table II will show that the higher sensitivity of this antigen is most apparent m the 
hacteriologicall} negative cases of tlic ‘ neiual ’ type of leprosy and m diseases 
other than leprosx If we take into consideration the individual cases, xve find 
that the antigen prepared from Lleras’ bacillus xvas found less sensitix'c than the 
other antigens in one ease (leprosy) and more sensitive m mne (four leprosy and 
fix^e leucoderma) cases 

Further dilution-^ oj the sera — There xvere 82 sera (19 from cases of the 
‘ lepromatous ’ type, 45 from cases of the ‘ neural ’ tj^ic of leprosy and 18 from 
cases of otlier diseases) which lulubited lysis completely or almost completely in 
1 in 5 dilution xvith one or more antigens The tests were then performed xvith 
1 m 25, 1 m 50 and 1 m 100 dilutions of all these sera The results of these tests 
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arc shown in Table IV It will be seen that the results with the diluted sera vary 
according to the source of the serum and to some extent according to the antigen 
used These results can be summarized as under — 

1 Source oj the serum — ^In cases of the ‘ lepromatous ’ type of leprosy 
dilution of the serum to 1 in 25 has practically no effect on the result of the test, 
a dilution to 1 m 60 reduces the number of sera which fix the complement , a 
dilution to 1 in 100 further reduces the number with the result that only six to 
eight of the 19 sera fixed the complement in this dilution 

In the bactenologically positive cases of the ‘ neural ’ type a dilution to 1 
in 25 considerably reduces the number of reacting sera, a dilution to 1 in 60 further 
reduces this number, and in a dilution to 1 m 100 only two of the 13 sera fixed the 
complement and that also with one antigen only, that from Lleras’ bacillus Sera 
fiom the bactenologically negative cases of the ' neural ’ type behaved m much 
the same way as those from the bactenologically positive cases of the ‘ neural ’ 
type 

In the other diseases, with the exception of kala-azar, a dilution tol in 25 
usually removed from the serum its complement-fixing property Only two sera 
provided an exception to this In kala-azar, however, even a dilution to 1 in 100 
did not remove the complement-fixing property of the sera There were seven 
sera from kala-azar m our senes and all the seven fixed the complement with all 
the antigens in a 1 in 100 dilution 

In general we can say that with a serum diluted 1 in 25, complement-fixation 
IS practically hmited to cases of leprosy and kala-azar, but the adoption of this 
dilution as the standard would reduce markedly the reacting powers of the sera 
from the neural cases of leprosy 

2 Nature oJ the antigen — ^Another factor which effects complement-fixation 
with the different dilutions of the sera is the nature of the antigen 

As already stated, an analysis of the results with 1 in 5 dilutions of the sera 
showed that the antigen prepared from the Lleras’ bacillus was shghtly more 
sensitive than the other antigen A consideration of the results of the tests with 
the different dilutions of the sera also leads one to the same conclusion Table V 
shows the results of the tests wnth the different dilutions of the 60 sera which 
inhibited lisemolysis completely or almost completely in 1 in 6 dilution with 
all the SIX antigens used The results shown in Table V may be summarized as 
under — 

With sera from kala-azar cases all the antigens behave in an identical way 

In cases of the ‘ lepromatous ’ type, the antigen prepared from Lleras’ bacillus 
appears to be shghtly more sensitive than the other antigens 

It IS in cases of the ‘ neural ’ type of leprosy — ^both bactenologically positive 
and negative — ^tliat the greater sensitivity of this antigen is more clearly seen 
Thirty-four sera from cases of the neural type of leprosy fixed the complement in 
1 in 5 dilution with aU the antigens In 1 in 26, 1 in 60 and 1 in 100 dilutions the 
number of the sera that fixed the complement gradually fell The extent of the 
fall, however, vaned with the different antigens. In all the dilutions, the number 
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of sprn which coinjilnncnt wns prc'ilcst in the presence of the antigen prepared 
from liens’ Incilhis ns >-lio\\n below — 



1 Nl'Mnrn or -.) ua 

Vi men nxri) 


, COitlT rMl ST IS 

niLUTIOSS ov 

n frrjnm! from 

1 m I'y 

I in f.O 1 1 m 100 

] Irr 1 illti 

1 

1 

in 

1 

1 

If- r’l-i 

12 

n 

1 

l)u\ nl ^ btt i\hn 

n 

4 

‘ o 

1W\ on *■ Innllii 

10 

4 

T 

^ rjr it ^*1 

0 

1 

1 

Kr Ittiu I \ •• ti-iriltll-i 

s 

a 
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Thr lv;h>r ‘ciitifnifi/ nf Ih, anti()>u prrjHircd Jrom Llcra';' hnnllw^ — Thus, of 
all the nnlicens ii'-ed n onr (xjieniiunts, the one jirejiarcd from Llcras' hncillus 
has hecn fenind to he shiihth more ''Cnsitne than others 

\s iins alrencU been jiomtcd out thi" preater ■=ensiti\it\ of the antigen prepared 
from Liens’ hneilhis does not njijiear to he caused b\ am specificity Tlic mow 
that this higher '■ensl1l\lt^ is not enu<-cd h\ aiij spccificiti is based on the following 
facts — 

(i) The renetion itself is non specific The properh possessed by sera 
from cases of lejiros^ of fi'ing complement m jircscncc of the antigens 
from \ inons acid fast Imctcria is possessed to an c\cn more marked 
o\tcnt In sera from cases of knla-nrnr 
(}i) Tlie higher scnsiti\it\ of the antigen prepared from Lleras’ bacillus is 
seen both m leprosy and non-leprosy cases 
The difTcrencc hetv con the scnsitmtics of the antigens prepared from the 
different acid-fast bacilli has also been noted In sonic of the previous workers 
Cooke (foe cit ) found that the antigens prepared from the bacilU of Duval and of 
Kcdrowsk\ and from the tubercle, and the smegma bacilli, were snpenor to the 
antigens prejiarcd from other acid-fast bacilli Rinularly, Lewis and Aronson 
(foe cif ) found timt Clegg’s bacillus produced a better antigen than the other acid- 
fast bacteria used Tins superior antigenic property of certain bacilli was found 
to be associated w ith another property, that of making better suspensions in saline 
and It has been suggested that the former property may bo dependent on the 
latter In tins connection we have found that Lleras’ bacillus makes a better 
suspension in saline than the other acid-fast organisms included in onr tests 
Although we believe that the higher sensitivity of the antigen from Lleras’ 
hncillus IS not caused by any specificity, the question is being further studied bj 
means of tiic antibodj absorption tests and by allergic tests in rabbits 

CoMPLEWENT-nXATION IN DISEASES OTHER THAN LEPROSY 

In the prehrmnary tests, mne of the 63 sera from cases other than leprosy 
fixed complement in presence of the antigen prepared from Kedxowaky’s 
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bacillus These findings were made twice in ‘ aldehyde-positive ’ sera, twice in 
Wassermann positive sera, and once each in cases of lencoderma, seborrlioea, lupus 
erytbematosis, liyperkeratosis and actinomycosis 

In the test proper 58 sera from cases otlier than leprosy were tested against 
all the siv antigens The source of these sera and the results obtained are 
shown below — 


Source 

1 

Number 
of sera 

Number fiving the 
complement m 

1 in 6 dilution m 
the presence of one 
or more antigens 

Wassermann positive sera 

14 

I 

Wassermann nei:;ativo sera 

2 

1 

Kala arar 

7 

7 

Dermal leishmaniasis 

1 

1 

Lencoderma 

20 

C 

Other skin diseases 

14 

! 

0 

Total 

1 

1 1 

68 1 

18 


Further details about the findings made in these cases will be found in 
Tables I to V (see Appendtx) 

The natuee op the supposed cultuees of Mycdbactei'mm lepreo 

As already stated at the beginmng of this paper certain workers have supported 
their claim to have cultured Myc Icpia by produemg e\udence that m the presence 
of an antigen prepared from that particular orgamsm the serum of lepers fixed 
complement The work here recorded w'as undertaken in order to find out whether 
complement-fixation tests performed with the antigens prepared liy modern methods 
from various orgamsms isolated by various workers from leprous lesions v/ould 
give any evidence of the genumeness of these supposed cultures 

The evidence here produced shows that (1) the antigens from the bacilli of 
Bayon, Duval, Lleras and Kedro-ftsky and from Myc tuberculosis and Myc qMci 
all act in a similar way, (2) this action is non-specific and (3) there are 
minor degrees of differences m the sensitivities of the different antigens It is, 
therefore, concluded that complement-fixation tests have not given, and are 
unlikelv to give, any evidence either for or against the genumeness of cultures of 
orgamsms isolated from leprous lesions The proof of the genuineness of such a 
culture must be based on other grounds 

Summary. 

1 The work was undertaken to find out whether complement-fixation tests 
done with sera from cases of leprosy and with antigen prepared by modern methods 
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from tlio eo c-'illod (ulturc^- of lopros\ would gi\e ain cMdcnce regarding llic 
rchtinn of tlio'-e i‘>nh(o<l oreuii'-ms to the di'^case 

2 t'omolontont lixition le-t'- hue Iieen jierformcd in 112 cases of lopros\ 
and ( s'-cs tif oilur dueues in pn.'-tiite of antigens ^ircpnrcd from six diflerent 
aculfut hanlh im Indiii:; tlie '•oodlid lepros\ bacilli of Diual, Baton, 
Kcilrow-K and Lhru \1I tin iiitiizens were prcjiared ba the iiietliod by 
W’lteluka , Kbnaon‘'t( 111 and Knlm 

1 .Vn dibit* d I in ~) fixtd loinplenicnt in presence of ail the si\ antigens, 
m SJ per rent of tin in ( as^-, of tin le))rotnntons ttpe, 01 I per cent of the 
n ba( torioIogiralK no'-itnc (a'-is of ilic neural’ t\-]ie and 22 0 per cent of 
the fO bactcriologicalK negitne (ascs of the ‘ neural ’ tape and all the eight cases 
of lei'liinanm infection 

1 In 1 in ■) dilution 21 per cent of the 11 'Wnssernmnn positnc sera and 
in per cent of the 2<l sen from < a^cs of Icucoderma fixed comjiloinent in presence 
of one or more but not all tin antigeii'- 

5 With seri diluted 1 in 2") t omplcinent-fixation is practicallx limited to 
casr-s of Icnros\ am’ kala-a''ur In this dilution howeaer the number of reacting 
‘'"ra of the ‘neural tape of lcpros\ is reduced markcdlj 

0 Ml the si\ Hitmens appear to bchaac in a similar aaaj hut the antigen 
prepared from the Llcr is’ hat illiis ijipears to be shghtla more sensitia c A shghtla 
higher niimlier of si ni fix comiiUmont in its presence and dilution does not reduce 
complement-fixation aaith this antigen to the same extent ns aauth the other 
antigens 

7 This greater seiisiliaita of the antigen prepared from Lleras’ bacillus does 
not appear to be c msed ba ana spcnfirita ns it is seen both m leprosa and non- 
Icprosa cases 

8 It IS concluded tint complement-fixation tests liaae not giaen, and are 
unhkcla to giac, ana caidtnce rcgardinc the gcmiincncss of cultures of organisms 
isolated from leprous lesions 
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APPENDIX 


Tabi/K T. 

Pesulls of complcmmi-ficration tests %n lepro'sy and other diseases hy sera 
diluted 1 %n 5 and with antigens piepared from six diffeteni acid- 
fast bacteria according to the method of IF K K 


RESULTS 


Disease 


AnTIOFNS PltEPAHED FKOM 


Leprosy — ■ 

‘ Ijepromatovis ’ 
type (19 
cases) 


Leprosy — 

‘ Neural ’ type, 
Bactenologi 
cal positive 
(13 oases) 


’ typo, 
bacteriologi 
cally negn 
tive (80 
cases) 


Leprosy — 
‘ Neural 


Oltitr diseases 
(68 cases) 


Tubercle 

ivedrowaky’s 

Lloras’ 

3fyc 

Bayon’s 

bacillus 

bacdlua 

bacillus 

plilei 

bacillus 

N 

N 

N 

N 

N 

T 

T 

N 

N 

N 

H 

H 

T 

H 

H 

N 

N 

N 

N 

N 

T 

N 

N 

N 

N 

N 

N 

T 

N 

N 

T 

T 

T 

N 

N 

N 

H 

N 

H 

H 

H 

T 

N 

H 

H 

N 

N 

N 

N 

N 

T 

N 

N 

N 

N 

T 

T 

N 

N 

N 

N 

N 

N 

T 

T 

T 

T 

T 

T 

T 

H 

N 

N 

VI 

N 

H 

N 

N 

wM 

N 

H 

H 

T 

■9 

T 

T 

H 

T 

H 

H 

H 

H 

T 

H 

H 

H 

H 

H 

H 

H 

N 

N 

N 

N 

N 

H 

T 

N 

N 

N 

H 

T 

H 

N 

N 

T 

T 

N 

H 

T 

T 

H 

N 

H 

T 

H 

H 

T 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 


Duval’s 

bacillus 


N 

N 

H 


N 

N 

N 

N 

H 

H 


N 

N 

N 

T 

T 

N 

T 

T 

H 

H 

H 


N 

N 

N 

T 

T 

H 

T 

H 


N = No bromolysis (complete inbibition of lysis) 

T = Traces of haiinolysis (almost complete inbibitiou of vbib) 

H = Hiemolysis, oomplote or partial (more than a trace of lysis). 


( 16 ) 


In how 
many 
cases 


16 

2 

1 


8 

1 

1 

1 

1 

1 


18 

2 

1 

1 

2 

1 

1 

1 

3 

2 

48 


8 

1 

1 

1 

1 

3 

3 

40 
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Comjilement-Fixation in Leprosy, 


I 


Table HI. 

An analysts of the results in the 30 sera in which the different antigens 

gave different results 


Numbeb snowiNO oomtleti: ob almost complete 
hthibitios of h.emolysis tstth the antigens 

PBEPAEFn from 


Disease 


Ltprosy- 


* Lepromatoua ’ type 


‘ Neural ’ type, baotonologi- 
oally positive 


‘ Neural ’ type, baotenologi 
oally negative 


Total 


Other diseases 


Qeand total 


a 

3 

!2: 


12 


c3 

O 


o 

H 


20 


13 


10 


30 


16 


<3 

CD 

Vi 

CO 

O 

O 

w 


C3 

C3 

,J3 


12 


12 


20 


16 


26 


e, 


12 


14 


o 

a 

Xi 


a 

o 

>> 

<3 


12 


18 


12 


19 


Duval’s bacillus 
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Table IV 


jln analysis of the results of complement-fixation tests vnth the different 
dilutions of the 82 sera which inhibited lysis completely or 
almost completely in 1 in 5 dilution 


NCMrBEE PEODUCIVO COMPLETE OB ALMOST 
COMPLETE I^^HD^mO^ OP LYSIS M ITH 
THE AimOEYS PEEPABED PEOM 







X 





Disease | 

Xu,mbcr 
of ca^ 

Seram 

dilation 

■XL 

o 

3 

1 

2 1 


1 

m 

1 

i 



1 

, ' 

1 

t i 

1 

“o 

eJ 

Si 

o 1 

o 

X 

> 

o 

o 

5 

0 
c; 

Si 

1 \ 

J 

o 

S 

p, 

o 

Si 

‘-S 

1 

Si 

m 

“c 

O 

e* 

' 

o 

c5 

Si 

JX 

'3 

> 

3 

i ^ 





1 

13 

18 


18 

18 

18 





s 


19 j 




1 

Lfpnty — 

1 

19 • 

1 

1 

1 

25 

17 

17 

1 

1 

16 


17 

'T«eproiiiatous ’ type 

i 


i 1 

13 

10 

16 

11 


10 




j 50 






i 


1 

7 

1 6 

■8 

i 

7 



1 



1 1 100 


1 








f 1 1 ' 

11 

12 

13 

11 






1 5 







lypmsy — 



1 1 ' 

4 

2 

8 

5 





1 


25 , 



1 




‘ Neural ’ t v p e , 
bactenologitilly 


.3 


1 1 

1 

0 1 

1 

4 

1 

0 

0 

positive 


1 


60 1 






1 1 

0 

0 

2 

0 

0 

0 





100 j 

I 










1 

27 

26 

32 

26 

27 

26 

L'proiy — 




1 

1 

25 

1 

1 

I 6 

6 

16 

7 

7 

6 

'Xenral’ tvpe. 


- 32 ■ 


1 






tactenologicallv 



1 

0 

5> 

6 

4 

4 

4 

negative 




60 









1 

0 

1 

2 

3 

1 

2 




1 

100 
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Complement-Fixation in Leprosy 
Table IV — conid. 


Disease 


Kala-azar 


Other diseases 


NracBEB PEODuamo complete oe almost 
COMPLETE INHIBrriON OF LYBiS WITH 


THE ANTIOENS PEEPAEED FEOM 

i 

W I 
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FUETHER LABORATORY TESTS ON THE FUNGISTATIC 
AND FUNGICIDAL EFFECTS OF VARIOUS 
SUBSTANCES 


BY 

P A MAPIiESTONE, dso, dsc, mb, bs, dtm, 


AKD 

N C DEY, MB (Cal) 

{From the Medical Mycology Inquiry wider the Indian Research Fund 
Association, School oj Tropical Medicine, Calcutta) 


[Received for publication, August 6, 1940 ] 


Mapmstone Am) Dey (1938) published a prehrainary report on the relative 
efiBciency of certain chemicals and dyes used in vamrig dilutions against four species 
of fungi common m Calcutta {Epidermophyion floccosum, Achonon molaceum, 
Microsporum audouini and Achonon actoni) and a stram of Staphylococcus aureus 
ivhicli 18 a common compheatmg infection ivith that of A molaceum In most 
instances the dilution tvhich effected inhibition of grovrth or death of the orgamsm 
and the next higher dilution, which faded to do so, had rather wide gaps The 
purpose of the present paper is to show the effective end-pomts of the same 
substances m closer ranges of ddution utdizmg the same organisms In the present 
instance a mixture of gentian violet and bnUiant green has been added to the series, 
thus mcreasmg the number of test substances from 19 to 20 


Technique 

The techmque employed on this occasion was exactly the same as m the 
first senes of tests except that the standard emulsion of the test culture was 
used for our fungistatic as well as for our fungicidal tests The advantages 
of usmg a standard emulsion of the test culture for moculation over that of 

{ 23 ) 
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transfemng direct a small portion of the culture itself, may be enumerated as 
foUoivs — 

(a) The sme of the inoculum picked up cannot be determined with 

sufficient accuracy to ensure that comparable amounts are used in 
all the test cultures 

(b) The small amount of pure Sabouraud medium that is inadvertently 

transferred with the moculum aids its imtial growth on the new 
medium before it comes into contact uath the test substance inth 
which the latter has been impregnated 

(c) The manner in which the inoculum is placed on the surface of the medium 

affects its rapidity of growth Thus, it grows much better if placed 
right side up than up side down or at an angle Against these 
objections and in favour of the emulsion, it is easy to measure equal 
amounts of a standard emulsion and it spreads evenly and rapidly 
over the surface of the new medium so that it comes mto immediate 
and direct contact with it and its contamed chemical substance 

T)ilutioii — Beginrung with 1/1,000 the ddutions were each time mcreased by 
1,000 until 1/20,000 was reached Between 1/20,000 and 1/100,000 the dilution 
was increased by arithmetical progression by 1,000, after each increase to 20,000 
higher Thus, the increases between 1/20,000 and 1/40,000 was by steps of 2,000 
and between 1/40,000 and 1/60,000 by steps of 3,000, and so on Between 
1/100,000 and 1/500,000 the increase w^as performed m the same manner but by 
steps of 10,000 for each mcrease of 100,000 The steps m dilution between 
1/1,000,000 and 1/2,000,000 were 100,000 

All the dilutions indicated by the above system were utilized in each senes of 
tests up to the maximum shoivn m Tables I to VI {Appendix), but ivhen all the tests 
were negative for any dilution this was omitted from the tables concerned as other; 
wise they would have been made unwieldy by the inclusion of many columns 
showing only negative results It should also be noted that where any test ends 
in a negative sign it means that for that particular substance and orgamsm this 
was the highest dilution tested 

The tables have been arranged in exactly the same way as m our previous 
paper so that comparison is easy 


REFERENCE 

Maplestonb, P a , and Dsr, N C Ind Jour Med Bes , 25, p G03 
(1938) 
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APPENDIX 
Table I 
Fungistatic tests 


Epulrrmophyton Jioccosum 


Dilution — 

1 




1 

) 

o 



o 


o 

o 




§ 

o 

o 

g 

o 

o 

o 

1 

c 

o 

o 1 

O 1 



o 

o 

o' 

cf 


g 

to 

! lo 



rT 


o' 





P‘1 




. ® 
















Qomino bihvdrochlor 

~r 




1 




1 

1 






lodmo 

— 

"T 





1 


1 






Fucham (basic) 

- 

4“ 













i 

Paranitropbenol (pure) ' 

- 

- 

A. 





1 

! 






Acid benzoic 1 

- 

1 


-i- 

1 

1 

1 




1 


I 1 


Acid saboybc ' 

- 




1 

1 



1 1 


1 


i 


Mercurochronie 

— 



. -U 

‘ 

1 



! 






Hvdrarg perchlor* 

- 

1 


. -L 





1 


1 


1 


Gentian violet 

— 

- 

— 

- 


*1 





1 

1 



Clove oil ' 

' — 

— 

— 

— ' 

— , 

+ , 









Thymol 


— 

— 

— 

- 

“ 1 

+ 

1 

I 1 

1 




1 


Abracide 

— 

„ 

! 1 

— 

— 

1 

+ 

1 


1 


i 



Crystal violet 

1 - 

— 

1 

— 

1 

1 


+ 




j 



Acnflaviiio 

1 

j - 

— 

_ 1 

— 

— 

— 

1 

- 







CitmatQon oil 


~ 

1 

— 

1 

' 1 

_ 

1 

- ' 

- 

+ 


1 



Brilliant green 

Brilliant green \ 

— 

— 

1 

— 




— 

1 

! 

+ 

1 

4- ^ 



Gentian violet | 
ilalacbite green 

Brilliant green 1 

Crj-stal Violet J 
ilerfenil 

— 

— 

— 

— 

1 

“ 1 

! 

— . 

— 

1 

— 

+ 

+ 

— 

- 


= GroTsih - — = No groTvth 

( 26 ) 


1/220,000 
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Table I — co')itd 


AtJiorion violaceum 


Dilution 


1/1,000 

1/2,000 

JO 

O 

o 

o 

fH 

1/6,000 

1/6,000 

1/12,000 

1/20,000 

— 

1/49,000 

1/64,000 

1/120,000 

1/160,000 

Quinine bihydrochlor. 

4“ 











Iodine 



— 

+ 









Fuchain (basic) 


— 

+ 










Paranitrophenol (pure) 

— 

— 

+ 









Acid benzoic 


— 

— 

— 

+ 








Acid salioylio 


— 

— 

— 

+ 








Merouroohromo 


— 

— 

— 









Hydrarg porchlor 

— 

— 

— 


4- 







Gentian violet 


— 

— 

— 

— 

+ 







Clove oil . 


— 

— 

— 

— 

H 







Thymol 


— 

— 

— 

-- 

B 

— 

+ 





Abracide 



— 

— 

— 

H 

— 

+ 





Crystal violet 


— 

- 

— 

— 

B 

— 

— 





Aorillavine 


— 

— 

— 

— 

+ 







Cinnamon oil 


— 

— 

— 

— 

— 

— 

+ 





Bnlbant green 


— 

— 

— 


— 

— 

— 

B 

— 

— 

+ 

BnUiant green 








- 

B 





\ 

— 

— 

— 


— 

— 

— ■ 


— 

+ 


Gentian violet 

) 












Malachite green 


— 

— 



— 


— 

H 

+ 



Brilhant green 









H 

■ 

■ 


Crystal violet , 









B 

1 

■ 


Merfenil 










1 

1 

1 

■ 


-t- = Growth - = No growth 


+ 


1/220,000 
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Table I — conti 


Jltcrosparuni audouini 


Dilution: — 

1/1,000 

1/1,000 

o 

o 

O 

1/8,000 

o 

o 

c 

o 

o 

s 

c-f 

2- 

1/20,000 

1/10,000 

1/00,000 

la 

1/150,000 

1/180,000 1 

1/100,000 

1/220,000 

Qmmno bihydtochlor 




1 











Iodine 

- 

-i. 













Fuchsin (basic) 

- 

- 


- 

_ 

- 









raranitropbenol (pure) 

— 

+ 













Acid benzoic 

- 

- 

+ 












Acid saheybe 

- 














Merenroebromo 

— 



- 

-4 










Hydrarg porchlor 

— 

— 

_ 

JU 











Gentian violet 

— 

- 

- 

- 



+ 








Clove oil 


_ 

— 

- 


J- 









Thymol 



— 

- 











Abracide 

— 

— 

— 

- 



+ 








Crystal violet 

— 

— 

— 

_ 



- 

- 

- 

+ 





Acnflavine 

— 

— 

— 



- 

- 


-1" 






Ciimatnoii oil 

— 

— 

— 

— 

— 

- 

- 

+ 







Brilliant green 

— 

— 

— 

— 

- 

— 

- 

- 

- 

— 

— 

— 

— 

— 

Brilhant green 1 

Gentian violet / 

- 

— 

- 

- 

— 

- 

- 



- 

+ 




Malachite green 

Brilliant green | 

Crystal violet J 

Merfenil 

— 

— 

— 



— 

- 

r 



— 

+ 

__ 


+ 


4- = GrowtL — = No growth 
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Tabli! I — coiidd 


At^onon aclam 


Pi lotion — ■ 

1/1,000 

1/4,000 

1/5,000 

1/6,000 

1/12,000 

1/15,000 

1/20,000 

1/80,000 

1/85,000 

1/100,000 

1/100,000 

o' 

00 

<N 

rH 

1/330,000 

Qummo hihydrochlor 

+ 



1 










Iodine 


+ 


■ 










Fnchsin (ba'iio) 

— 

— 

— 

H 

+ 









Paramtropbenol (pure) 


— 

+ 











Acid 1)6117010 

— 

— 












Acid aabcylio 


— 

+ 











Meroorochromo 


— 

+ 











Hydrarg percblor 



— 

— 

+ 










Gentian violet 

— 

__ 

— 

— 

— 

+ 








Clove oil 

— 

— 

— 


+ 









Thymol 


— 



H 

— 

+ 







Abraoide 


— 


H 

B 

— 

+ 







Crystal violet 

— 

— 

— 

B 

B 

— 

— 


+ 





Acnfiavine 

— 

— 

— 

— 

B 

— 

— 

_ 

— 

— 

— 

~ 

— 

Cinnamon oil 

— 

_ 

— 

— 

+ 









Bnlhant green 

— 

— 

— 

— 

— 

— 

— 

— 

“ 

— 

— 

+ 


Bnibant green 1 










+ 




Gentian violet j 














Malachite green 

— 

— 

— 

— 

— 

— 

— 


— 

— 

+ 



Bnlhant green "j 








— 






+ 

Crystal violet ) 














Merfeml 















+ = Growth 


— = No growtbt 
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BactenostaiiG effect on a strain oj Staphylococcus aurens isolated Jrom 
a mixed infection icith Achonon. violaceum 



1/160,000 
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Table III. 


Fungicidal tests, 

Epidermopliyton floccosum (== cruns) 


Time — 

1 MlNtTTE 

Dilution 

— 

o 

o 

o 

1/2,000 

1/3,000 

O 

8 

1/6,000 

1/0,000 

1/11,000 

1/12,000 

1/26,000 

Qoinino bihydrochlor 

+ 









Paramtrophcnol (pure) 

+ 









Acid benzoic 


+ 









Clove oil 


+ 






/ 



Cinnamon oil 


+ 









Fuchsm (basic) 


+ 









Merouroohrome 



f 








Thymol 



4- 








Acid sahcyhc 


— 

— 

+ 







Abraoido 


— 









Gentian violet 


— 



+ 






Acriflavine 


— 

— 


— 

+ 





Crystal violet 


— 

— 

— 

— 

+ 





Malachite green 


— 

— 

— 

— 

— 

+ 




Hydrarg perchlor 

— 

— 

— 

— 

— 

+ 




Iodine 



— 

— 

— 

— 

— 

+ 



Bnlhant green 


— 

— 

— 

— 

- 

— 

— 

+ 


Brilliant green 








_ 

. 

+ 

Gentian violet 











BriUiant green ' 











Crystal violet 











Merfenil 


— 

— 

— 

— 

— 

•— 





+ 


+ 


■+■ — Growth 


= No growth 


1/46,000 
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Ture — 


10 MrsuTES 


Dilution 

— 

1/1,000 

1/2,000 


o 

o 

o 


1/7,000 

1/11,000 

1/10,000 

1/40,000 


Quinine bihydrochlor 

-h 










Poranitrophenol (pure) 

+ 










Acid benzole 


+ 










Clove oil 


- 

+ 









Cinnamon oil 


- 

- 

- 

+ 







Fuchsin (basic) 


- 

- 

+ 








Mercuro chrome 


- 

+ 









Thymol 












Acid Bahoyho 




+ 








Abracide 


- 

- 

~ 

+ 







Gentian violet 


- 

- 


+ 







Acnflavine 


- 

- 

- 

- 

+ 






Crystal violet 


— 

- 

- 








Malachite green 


— 

- 

- 

- 


+ 





Hydrarg perohlor 

- 

- 

- 

- 

- 

+ 





lodme 


— 

— 

— 

— 


- 

+ 




Brilliant green 

Brilliant green ' 

Gentian violet 

Bnlhant green 

Crystal violet 

Merfenil 


- 

f 

— 

1 

i “ 

1 

1 

1 _ 

1 

1 

t 

1 

1 

- 

— 

+ 

+ 

+ 


+ = Growth 


No growth 


1/180,000 
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Table- lll—contd, 


Time 


30 Minutes 


Dilation - 

- 

S 

o 

o 

o 

1/3,000 

o 

o 

o 

1/6,000 

o 

CD 

•—1 

1/0,000 

O 

O 

O 

rf 

1/10,000 j 

1/17,000 

1/18,000 

1/66,000 

000*00/ 1 

Qumino bihydroohlor 

+ 

t 

1 

1 

! 

1 


1 









Paranitrophenol (pure) 

+ 



t 







1 



Acid benzoio 


— 

+ 


1 







1 

1 



Clove od 


— 

{ 

+ 


1 










Cinnamon od 


— 

— 

— 1 
t 

+ 

1 

\ 









Fuohsm (basic) 


— 


1 

1 

+ 










Mercurocbromo 


— ' 


+ 

1 

1 

1 








Thymol 


— 

— 

— 

1 

+ 

1 

t 

I 







Acid salicylic 


i 1 
1 

1 

1 

+ 

1 




[ 

1 





Abracido 

1 

— 


j 


— 

+ 







1 

Gentian violet 


— 

i _ 

— 

+ 






1 




Aonflavme 


— 

— 

— 

— 

+ 









Crystal violet 


— 

— 

1 

— 

— 

1 

+ 

1 






Malachite green 


— 

— 

1 

i 

— 

- : 

1 

— 

— 

+ 




Hydrarg percldor 

— 

— 

— 

— 

— 

1 

i 

— 

— 

— 


1 

1 


Iodine 


— 

— 

— 

— 

— 

— 

— 

+ 






Brdliant green 


— 

— 

— 

— 

— 

— 

— 

— 

+ 

j 




Brdliant green 
















r 


— 

— 

— 

— 

, 

— 

— 

— 1 

— 

— 

+ , 


Gentian violet 

1 












1 


Brdhant green j 














+ 

Crystal violet j 














' 

Merfend 
















-}- = Growth. — *•= No growth 


1/200,000 
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Table III — coixtd 


TniE — 

Dilution — 


Quinine bihydroohlor 
Paranitrophenol (pure) 
Acid benzoic 
Clove on 
Cinnamon od 
Pnchsin (basic) 
Meronrochrome 
Thymol 
Acid sabcylic 
Abracide 
Gentian violet 
Acnflanne 
Crystal violet 
ilalacbite green 
Hvdrarg perchlor 
lodme 

Brilliant green 
Brilliant green ' 
Gentian violet 
BnUiant green ■) 
Crystal violet j 
Metfenil 



+ = Growth 


— = No growth. 


J, ME 


3 


1 / 200,000 
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Table 111—coiuM, 


Time 

— 

24 Hours 

Dilation — 

1/1,000 

1/6,000 

1/10,000 

1/16,000 

1/20,000 

1/24,000 

g 

O 

t 

1/100,000 

Quitune bihydrochlor 

+ 








Paranitrophenol (pure) 

— 

+ 




1 



Acid benzoic 


— 

+ 







Clove oil 

• 

— 

+ 




i 



Cinnamon oil 


— 

— 




i 



Fuoham (basic) 


— 

— 

— 






Mercuroohrome 


— 

+ 







Thymol 


— 

— 

— 






Acid nahoylic 


— 

+ 




1 



Abraoide 


— 

— 

— 






Gentian violet 


— 

— ] 

— 






Aonflavine 


— 

— 

— 

— 





Crystal violet 


— 

— 

— 

— 

— 




Malachite green 


— 

— 

— 

— 

— 




Hydrarg perohlor 

— 

— 

— 

— 

— 

— 



Iodine 


— 

— 

— 

— 

+ 




Brilhant green 


— 

— 

— 

— 

+ 




Brilliant green 1 










Gentian violet J 










Brilliant green j 










Crystal violet \ 










Merfenil 











-f = Growth 


— = No growth 


1/200,000 
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Table IV 

Fungiadal tests 
Achonon violaceum 


Tdie — 1 MiNim; 


1- 

1 

Dilution — 1 

1 

1 

i* 1 

1 






O 

/ll.OOO 

/12,000 

• 1 


^ 1 









Quinine bihydrocUor 

+ 1 










Paramtrophenol (pure) 


1 









Clove oil 

j_ 










Acid benzoio 

+ 










Malochito green 

-L 










Acnflavine 

-f* 










Mercuiochro me 

+ 










Fachsin (basic) 

+ 










Cinnamon oil 

+ 










Acid sahoylio 

- 

+ 









Brilhant green I 

\ 1 
Crystal violet ) 

- 


+ 








Brilliant green 1 j 

Gentian violet | ' 

- 

- 









Gentian violet 

— 










Hydrarg perchlor 

— 

- 

— 

+ 







Crystal violet 

— 

— 


- 

+ 






Thymol 

- 

— 

- 

- 

- 

+ 





Ahracide 

— 

— 


— 

— 

— 

+ 




Merfeml 

Brilhant green 

Iodine 

; 

- 

1 ~ 

1 



- 




+ 

+ 

+ 


+ = Growth 


— = No growth 
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Table IV — corM 


Time — 


Dilution — o 

g 


Quinine bihj’drochlor 
Paranitrophenol (pure) 4. 

Clove oil + 

Acid benzoic 

llalacbite green + 

Aorjflavine + 

Merouroohrome + 


Fucbsm (basic) 
Cinnp.inon oil 
Acid sabcylic 
Brilbant green I 
Crystal violet J 
PnUiant green "j 
Gentian violet j 
Gentian violet 
Hydrarg perchlor 
Crystal violet 
Thymol 
Abraoide 
Merfenil 
Bnlbant green 
Iodine 


10 SIlKUTES 



+ = Growth 


— = No growth 


1/16,000 




Time — 

Dilution — 


Quinine bihj-drochlor 
Paranitrophenol (pure) 
Clore oil 
Acid benzoic 
Malachite green 
Acnflanne 
Mercurochromo 
Fuchsin (basic) 

Cinnamon oil , 

Acid salicvlic 
BrObant green 
Crystal -violet 
BnDiant green 
Gentian -violet 
Gentian nolet 
Hydrarg perchlor 
Crystal nolet 
Thymol 
Abtaade 
^lerfenD 
Brilhant green 
Iodine 

+ 




1/16,000 
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Table lV—co7iid 


Time - 


Dilution — 



§ 0 Q O 

o c o 

o o o 

cf lo 



5 o I 

lO to I 


Quinine bihydrocblor 
ParanitrophonoJ (pure) 
Clove oil 
Acid benzole 
Malachite green 
Acnflavine 


- + 




Morcurochrome 
Fuohsm (basic) 
Cinnamon oil 
Acid salioylio 
BnlUant green | 
Crystal violet J 
Brilliant green j 
Gentian violet J 
Gentian violet 
Hydrarg perchlor 
Crystal violet 
Thymol 
Abraoide 
Merfeml 
Bnihant green 
Iodine 


- - + 



+ 


+ = Growth 


— = No growth 


1 / 04 , 000 . 
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24 Houes 


Dilution — 



Qnnune bihydroohlor 
Paramtropheno] (pure) 
Clove oil 
Acid benzoic 
Jlftlachite green 
Aonflavino 
Mereuroohrome 
Fnohsin (basic) 
Cinnamon oQ 
Acid saboylio 
BriHiant green 1 
Crystal violet ) 
Brilliant green 1 
Gentian violet I 
Gentian violet 
Hydratg perchlor 
Crystal violet 
Thvmol 
Abradde 
Merfenil 
Brilliant green 


- + 


— + 


_ 1 _ + 


~ + 




+ = Growth 


— = No growth 


1/10,000 
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Table V 
Fmiqundal tests 
Microsporum audouitu 


TrSiE — 


Mercurochrome 
Acul ealicylio 
Fuchsm (basio) 
Clove ojI 
Cinnamon oil 


Acnflavine 



Thymol 


Ahracifle 
Gentian nolet 
Hydrarg perchlor 
^ Crystal \nolet 
Iodine 

Brilliant green 
Malaehite green 
Brilbnnt green 
Gentian violet 
Brilliant green 

. 

Crystal violet , 
Merfenil 


000 * 06/ 1 
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TutE — 


10 ilttnjTEa 


Dilution — 

1 

1 

1/2,000 

1/3,000 

1/4,000 



1/8,000 

1/9,000 

1/10,000 

2 
•— < 

00 

1/22,000 

1/40,000 

1/49,000 

Qumine hihydrochlor 

J- 














Paraiutrophenol (pure) 

+ 














Acid benzoic 

— 

+ 













McTcurochrome 

- 




1 









Acid sahcvho 


- 

+ 












Fuohsm (haFic) 


- 

- 

- 

+ 










Clove oil 


— 

- 

- 

+ 










Cinnamon oil 


— 

- 

- 

4- 










Acn flavine 


- 


+ 



1 

1 







Thvmol 

_ 

- 


- 

- 


1 







Abracide 

- 

-- 

- 












Gentian violet 

— 

— 


- 


- 

+ 








Hvdrarg perchlor 


- 

- 



_ 

+ 







Crystal violpt 

- 

- 

- 

- 

' - 

- 

- 

+ 






Iodine 


— 

— 

— 

- 


— 

- 

- 

+ 





Bnlhant green 


- 

- 

— 

— 


- 

— 

- 

— 

+ 




Malachite green 

— 

— 


— 


- 

- 

- 

- 

— 

4- 



BnDiant green 1 





1 









Gentian violet 1 














Brilhant green 1 














Crystal violet J 





1 









Merfenil 

- 

— 

- 

— 

"i- 

- 

- 

- 

- 

- 

— 


— 






t 

1 

1 








+ = Growth 


No growth 


1/200,000 
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Table V — coidd 


TntE — 


Dilution — 


30 Minutes 


Quinine bibydroohJor 
Paranitrophenol (pure) 
Acid benzoic 
Mercurochrome 
Acid sabcybc 
Fuchsin (basio) 

Clove oil 
Cinnamon oil 
Acnfiavine 
Thymol 
Abracido 
Gentian, violet 
Hydrarg perch! or 
Crystal violet 
Iodine 

Bnlhant green 
Malachite green 
Bnlhant green 
Gentian violet 
Bnlhant green 
Crystal violet 
Merfeml 


+ 


+ 


© 

o 

o 


+ 

+ 


- + 


+ 

+ 


o 


o 

IN 


+ 


+ 


+ 




+ 


+ 


+ 




O 

o 

o 

© 


+ 


+ 


+ — Growth 


— t= No growth 


1/200,000 
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Tdie — 

Bilutiou — 


Qmnjne bihvdrochlor 
Paramtiophenol (pure) 
Acid benzoic 
Mercurocbrome 
Acid Babcylic 
Fuchsm (basic) 

CloTe oil 
Cinnamon oil 
Acnflavine 
Thymol 
Abraade 
Gentian violet 
Hydiaig perchlor 
Crystal violet 
Iodine 

BnHiaut green 
Malachite green 
Brilhant green ' 
Gentian violet 
Brilliant green 
Crystal violet 
Merfeml 


1 Hoto 



4- = Growth 


No growth 
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Table VI 

Fungicidal tests 
Achonon actom 


Tute — 

Dilution — 

Quinine bihvdrochlor 

Paramtrophenol (pure) 

Acid benzoic 

Acid salicybc 

llercuTocbronie 

Fnehsm (basic) 

AcnSavine 

ClovB ofl 

Thvmol 

Cinnamon ml 

Abracide 

Gentian violet 

Hydrarg percblor 

Crvatal violet 

Iodine 

ilalachite green 
BriHiant green 
BrOliant green 1 
Gentian violet f 
Brilliant green 1 
Crystal violet j 
ilerfenil 



+ = Growth 


— = No growth 


1/10,000 
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Table VI — contd 


Tuik — 

10 Mtkotes 

Dilution — 

1 

S 

^ 1 



§ 

o 

o 

s 

o 

g 


1 





o 


o 


! 

^ i 

Si 

CO 


)0 

rH 



Quinine bihydroohlor 

+ 

1 







Paranitrophonol (pure) 





I 

t 




Acid benzoic 

+ 

1 







Acid salicylic 

1 

1 



j 




Mercurochrome 

4- 


i 


\ 




Fuchain (basic) 

+ 








Acn flavine 

1 

1 

+ 


1 

1 





Clove oD 

_ 1 

1 

+ 






Thymol 

_ 

— 

+ 

i 





Cinnamon oil 

— 

1 

— 

+ 

\ ; 


1 

i 


Abracide 

— 

— 

— 

+ 



i 


Gentian violet 

— 

— 


+ 


1 

i 


Hydrarg perch! or 

— 

i — 



+ 




Crystal violet 

- 

— 

1 

- 

— 

+ 



Iodine 

— 

i ” 

— 


— 

4~ 



Malachite green 

— 


— 


— 

+ 



Brdbant green 

— 

— 

— 

— 

— 


+ 


Bnlliant green 1 ! 






1 

i 

i + 

Gentian violet I 

I 



1 





Brilbant green 




1 

- i 


_ 




Crystal violet j 

i 

1 



1 

1 





Merfenil 




1 

i 

1 






I 


+ 


-f = Qro^h 


No growth 


1/30,000 
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Table VI — coTitd 


Tgie — 


Thlntion — 

1/1,000 

1/2,000 

1/3,000 

1 

1 

1/0,000 

1/7,000 

1/10,000 

lO 

1/24,000 

1/38,000 

1/200,000 

Qnhune hihvdrocUor 













Paramtrophenol (pure) 

+ 












Acid hcnzoio 

+ 












Acid aahcyho 

_L 












ilercnrochrome 

+ 












Fochsm (basic) 

— 

+ 











Acnflavinc 

— 


- 

— 

J- 








ClovB od 

— 

— 

+ 










Thrmol 

— 





_ 

+ 







Ciimamoa oil 




+ 









Ahracide 

— 

— 

_ 



— 

+ 






Gentian violet 

— 

— 

- 


_u 








Hydrarg perohlor 

Cryital violet 

Iodine 



- 

- 

- 

4- 

- 


+ 

+ 




Malachite green 

Bnlhant green 

Brilliant green ) 

Qentaan violet | 





- 



4~ 

+ 

-f 



BrOhant green 1 

Crystal violet J 

- 







- 

- 

- 

+ 


llerfenil 


■ 



- 





■ 

““ 

+ 


+ *= Growth 


— = No growth 
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Table Yl—coiM 


Time — 


1 Hope 


Dilution — 

1/1,000 

1/2,000 

1/3,000 

1/4,000 

1/5,000 

— — 

1/6,000 

1/10,000 

1/12,000 

1/16,000 

O 

8 

O* 

1/46,000 

Quinine bihydrochlor 

+ 











Paranitrophenol (pure) 

+ 











Acid ben/oio 

- 

J- 










Acid sabcybc 

— 

+ 










Slercurochrome 

— 

-L 










Fuchsm (basic) 

— 

— 

— 









Acnfiiavino 


— 

- 


+ 







Clove oil 

— 

- 










Thymol 

— 

— 

— 


H 

+ 






Cinnamon oil 

— 

_ 

— 


■ 







Abracide 

— 

— 




B 







Gentian violet 

— 

— 

— 

— 

+ 







Hydrarg perchlor 

— 

— 

— 

— 

— 

+ 






Crystal violet 

— 

— 

— 

— 

— 

— 

— 

— 

— 

+ 


Iodine 

— 

— 

— 

— 

— 

— 

+ 





Malachite green 

— 

— 

— 

— 

— 

— 

— 

+ 



/ 

BnUiant green 

— 

— 

— 

— 

~ 

— 

— 

— 




Brilliant green I 












Gentian violet 1 












Brilliant green 1 











+ . 

Crystal violet J 












Merfenil 













4- = Growth 


= No growth. 


1/200,000 
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Table '\n — condd 


Tijte • — 

Dflution — 


Quinine bihydroolilor 

Paranitropbeno] (pnre) 

Acid benzoic 

Acid sabcjlio 

Mercurochrome 

Fnchain (basic) 

Acnflavine 

Clove oil 

Thymol 

Ciimamon oil 

Abracide 

Gentian violet 

Hydrarg x>®rchlor 

Crystal violet 

Iodine 

italachite green 
Brilliant green 
Bnlbant green | 
Gentian violet I 
Brilliant green ^ 
Crystal violet | 
hlerfeml 



J, MR 


+ = GroTvth 


— = ICo growth 


4 
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EAT-FLEAS OF CALCUTTA IN’^O^STIGATED FEOM 
A POINT OF VIEW OF EPIDEMIOLOGY 
OF PLAGUE 

BY 

S EAGHVENDER RAO 
{From the Plague Detriment, Hyderabad-Deccan ) 

[Received for publication, July 29, 1940 ] 

One of the notable features of plague epidemics m India has been the vanation 
m the seventy of the incidence m diflerent parts of the country having apparently 
the same environmental conditions In certam cities such as Bombay, Calcutta and 
Madras this vanation has been very distmct Madras has been almost free from 
plague from the very beginnmg and the causes for tins have been the subject of 
a detailed study by the Bntish Plague Research Commission (1912), and later by 
King, George, Mankikar and Jesudasan (1930o, 19306)j and King and Pandit (1931) 
as far as the rat and flea population of the city is concerned 

Calcutta, while havmg a population sbghtly larger than that of Bombay, 
suSered from plague to a much less extent and the disease, at least in its epidemic 
form, disappeared from the city at a much earher date (Table I) Agam, m Calcutta, 
though the infection vas mtroduced earher than m Bombay, it took some time 
for the disease to take an epidemic form Even then the incidence of plague m 
these Calcutta epidemics was not so severe as compared to that expenenced in 
some other cities m India In Bombay, on the other hand, severe epidemics of 
plague began to appear shortly after the mtroduction of infection and it was only 
by the end of the year 1923 that severe plague epidemics were not regular annual 
features m that city 

After the differentiation of the three important species of rat-fleas m India 
by Rothschild (1914), and the findmg of Hirst (1913) that the newly discovered 
species Xenopsylla astm is as the common rat-flea of Colombo and also of another 
plague-free city m India, viz Madras, much attention was paid to this rat-flea 
species factor m detemunmg the mcidence of plague in any place This view was 
further strengthened by the experiments of Phihp and Hirst (1917) who put forward 
the hypothesis that the relative freedom from plague of Ceylon and certam parts 
of South India was to be attributed to the relative mefficiency of Xenopsylla astta 

( 61 ) 



62 


Rat-Fleas of Calcutta 


Table I. 


Plague motiaUty tn Bombay atid Calcutta 


Year 

Bombay 

Calcutta 

Plague 

deaths 

Mortality 
rate per 
100,000 

Plague 

deatlis 

Mortality 
rate per 
100,000 

1896 


1 

10 

08 

1800 

1,936 

24 2 1 

1 



1897 

I 11,003 

1386 2 

11 

08 

1898 

10,821 

2130 0 

239 

26 6 

1899 

16,860 

2020 0 

2,029 

220 7 

1000 

13,285 

1701 2 

8,276 

883 0 

1001 

18,694 

2409*0 

8,010 

841 1 

1902 

13,786 

1731 1 

7,638 

766 8 

1903 

20,761 

2540 8 

8,224 

846 9 

1904 

13,604 

1613*3 

4,703 

479 6 

1905 

14,171 

1652 8 

7,272 

734 6 

1900 j 

1 10,802 

1230 7 j 

2,607 

260 9 

1007 

6,379 

710 3 

3,689 

355 8 

1908 

6,348 

682 3 

1,781 

174 9 

1909 

6,186 

562 4 

2,117 

206 0 

1910 

3,641 

379 6 

1,262 

121 7 

1911 

3,997 

408 1 

1,736 

166 2 

1912 

1,714 

171 6 

1,831 

174 7 

1913 

2,606 

266 7 

862 

81 0 

1914 

2,936 

282 6 

442 

41*9 

1916 

698 

66 0 

191 

181 

1916 

1,982 

183 9 

78 

73 

1917 

1,698 

164 7 

81 

1 

76 
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Table I — eoncld. 


Year 

Bombay 

Calcutta. 

Plague 

deaths 

Mortality 
rate per 
100,000 

Plague 

deaths 

Mortality 
rate per 
100,000 

1918 

1,133 

101 4 

210 

19 7 

1919 

697 

61 3 

834 

31 2 

1920 

281 

243 

63 

49 

1921 

801 

68 1 

37 

34 

1922 

629 

53 6 

144 

13 2 

1923 

1,329 

113 3 

77 

70 

1924 

409 

34 9 

33 

30 

1925 

174 

14 9 

! 

0 

08 

1926 

66 

48 



1927 

207 

17 7 



1928 

257 

22 0 

1 



1929 

29 

‘ 26 

t 


1 

1930 

20 

1 7 



1931 

24 

2 1 



1932 

44 

38 



1933 

48 

4 1 



1934 

31 

27 




as a vector of plague both from rat to rat as vrell as from rat to man Similarly, 
Gragg (1921, 1923) exaimned several thousands of fleas from various places m 
India and shovred that places vuth a predommating cJieopi^ population were those 
that sufiered most from plague, while Tavlor and Chitre (1923) showed that though 
large tracts of land uuth X ostia as the chief rat-flea are free from plague, yet there 
are certam exceptions to this Goyle (1928) has also shown that at least m the 
Umted Provinces, the predominance of X ostia and fairly severe incidence of plague 
in a place are not mcompatible To him it appeared that proximity to iiifected 
places and facflities for commumcation with them were more importent than the 
flea-species factor m determuung the mcidence of plague 
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Hat-Fleas of Calcutta. 


StncJdand aud Roy (1930) earned out a rat-flea survey of two selected local- 
ities of Calcutta city and found that the general Sea index was 0 6 with JC asUa 
and X cJieopis indices of 0 43 and 0 16 respectively With these results they came 
to the conclusion that the predominant flea in Calcutta was X asha and that the 
absence of severe plague epidemics in the city was due to this factoi 

As the above survey vas on a very hnuted scale and the methods adopted 
were not free from defects'^ and as a prehnunary to the investigation proposed to 
be carried out in Calcutta to find out the factors responsible for the ‘ long-term 
penodicity of plague a more extensive rat-flea sun-'ey of the city was undertaken 
by the present author 


Present rat-flea survey op Calcutta 

As it was not possible to trap rats regularly from all the 32 wards of the city 
for a long period, 10 wards were selected in such a manner as to be a complete 
representative sample of all the eninronraental and topographical conditions of the 
city, considered important from the pomt of view of the epidemiology of plague 

The following criteria formed the basis for the selection of these 10 wards — 

Wards selected for tlie high incidence of plague 
(1898-1925) 

Wards selected for the low incidence of plague 
(1898-1925) 

Wards selected for their high density of popula- 
tion 

Wards selected foi tiieir low' density of popula- 
tion 

Watds with mostly indigenous population 
Wards with mostly foreign population 
Wards with business quaiters and 
godowns, etc 

Wards ivith mostly residential quarters 
Sewered wards 
Unsewered wards 
Port area (docks, etc ) 

Table II gives the area, density of population and plague history of these 
wards of Calcutta citv selected for the survey 


gram 


Wards 

and 

7 

and 

17 

and 

11 

and 

18 

and 

11 

and 

16 

aud 

6 

and 

17 


All the above wards 
18 
25 


* In a nfirsonal convorbation, 1 was informed by Dr D N Boy that they had ^ 

bnuK in all the rats from the place of collection to the laboratory m traps fully coyer^ witb 
But as the men responsible for the trapping and collection of tats were not under their ci^roi, 
this rule was not at aU adhered to and the rats wore invariably brought in open traps e-^sen 
to the Bun all the n ay Tbia factor was m all probability responsible for the low flea indices obtameu 
by the authors 
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The methods adopted for the survey work -were the same as those described 
by "Webster and Chitre (1930) Fleas collected from the rats were cleared by the 
usual methods and mounted for identification 


Table II 

Density of population and plague history of the 10 wards in 
Calcutta surveyed during the period 1936-1938 


^Yatd number 

1 

1 

1 

Population j 

1 

1 

Area m 
acres 

1 

Density 
per acre 

Plague mortabty 
rate per 10,000 
(1898-1926) 

1 

1 

5 Jorabagan | 

1 

39,366 

, 

243 

162 

64 74 

7 Burra Bar^r ! 

1 18.690 , 

1 

217 

86 

49 87 

8 Colootola 

i 

48.998 ; 

224 

1 

219 

41 68 

6 Jorasanko 

46,633 

262 

1 

176 

27 46 

1 Shampukur 

I 

60.633 

409 

163 

24 69 

11 Paddapukur 

l 

36.323 ' 

166 

313 

19 06 

26 Watgunj, etc 

j 32,463 ! 

837 

39 

19 06 

IC Park Street 

1 ! 

1 6,438 ! 

i i 

163 

36 

9 33 

17 Tiotona Terrace 

[ 2,679 

138 

1 

21 

7 32 

18 Tangra* 

11,773 

i 953 

1 

1 

12 

* 

1 


• Thw ward was added only m tho year 1934 to Calcutta Jlunicipabty 
Consequently plague figures are not available 
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Rat-Fleas of Calcutta 


StnclJancl and Roy (1930) earned o\it a rat-flea survey of two selected local- 
ities of Calcutta city and found that the general flea index was 0 6 with X mlia 
and X cheopi-s indices of 0 43 and 0 1C respectively With these results they came 
to the conclusion that the predominant flea in Calcutta was X ostia and that the 
absence of severe plague epidemics in the city was due to this factor 

As the above survey was on a very bmited scale and the methods adopted 
were not free from defects'*' and as a preliminary to the mve'Jtigation proposed to 
be carried out in Calcutta to find out the factors responsible for the ‘ long-term 
periodicity of plague a more extensive rat-flea survey of the city was undertaken 
by the present author 


PRESENT RAT-FLEA SURVEY OF CALCUTTA 

As it was not possible to trap rats regularly from all the 32 v ards of the city 
for a long period, 10 vards were selected m such a manner as to be a complete 
representative sample of all the eniuronmental and topographical conditions of the 
city, considered important from the point of view of the epidemiology of plague 

The following criteria formed the basis for the selection of these 10 wards — 

Wards 


Wards selected for the high incidence of plague 

6 

and 

7 

(1898-1925) 




Wards selected for the low incidence of plague 

16 

and 

17 

(1898-1925) 




AVards selected for their high dcusitv of popula- 

8 

and 

11 

tion 




AVards selected foi their low density of popula- 

17 

and 

18 

tion 




AA'’atds wnth mostly mrbgenous population 

1 

and 

11 

AA^’ards with mostly foreign population 

7 

and 

16 

AVards with business quarters and gram 

5 

and 

6 

gbdowns, etc 




Wards with mostly residential quaiters 

11 

and 

17 


Sewered wards All the above wards 

Unsewered wards 18 

Port area (docks, etc ) 25 

Table II gives the area, density of population and plague history of these 
wards of Calcutta citv selected foi the survey 


* In a pnrsonal conversation, I was informed by Ur D N Roy that they had intend^ to 
bring in all the rats from the place of ooUeotion to the laboratory in traps fuUy covered with bags 
But as the men responsible for the trapping and collection of rats were not under their control, 
this rule was not at all adhered to and tho rats wore invariably brought in open traps 
to the sun all the v\ ay This factor v\ as in all probabihty responsiblo for the low flea mdicos obtained 
by tho authors 
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Besides shoiying this seasonal vanation, the flea index figures also showed 
marked vanation from ward to ward 

Table IV 

General flea index m different icards of Calcutta surveyed during 
the present investigation 


Ward number * 

Plea index 

6 Jorabagflu 

44 

7 Burra Bazar 

65 

S Colootola 

7 1 

6 Jorasanko ! 

46 

1 Shampukur 

67 

) 1 Paddapukur 

44 

25 Watgunj and Hastings 

62 

16 Park Street 

26 

17 Victoria Terrace 

87 

18 Tangra 

35 


* Wards have been arranged m this table m 
descending order according to the incidence of 
plague in them m the past 


The general flea index not only vaned from ward to ward as seen m the above 
table, but also varied accordmg to the species of rodents from which the fleas were 
collected Of the three species of rats present m Calcutta Batins norvegicus shoved 
the highest flea index (9 0), while Rattus railus and Gunomys varvus showed a general 
flea mder of 4 3 and 4 9 respectively Mus muscidus (house mice) shov^ed the 
lowest infestation with fleas Crocidura coenilea (musk rat), thou^ not a rat, 
showed the same species of fleas as the other rats of the locahty The flea mdex 
for this shxev vas 3 4 (Table V) 

Like the general flea index, both the cheopis and the asiia indices also are 
the highest for Rattus norvegicus, but the ratio of cheopis to ostio is higher m 
rattus Gunomys lanus carried more astia than cheopis, while in the house mice 
{Mus nntsculus) the index is the same for both astia and cheopis In the few bandi- 
coots exammed the astia mdex was found to be higher than the cheopis index. 

Each species of rodents will now be considered separately with re<^ard to their 
general and specific flea mdices 



General and specific flea xtidices for the different species of rodents found in Calcutta 



Note — Though among the rats examined for fleas JSaltus railus, Jiallua wneQxma and Owxomys larius appeared to bo in almost equal 
numbers, this is not the actual ratio of prevalence of rats of different species in Calcutta During this survey lasting for 12 months several 
thousands of rats of different species were caught and dissected The subject-matter of the different species of rodents and their variation m 
number at different periods will be discussed mllv m a subsequent communication 
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Elea indices for Rattus raitm 

In tlus species the clteopis index vras higher than the astia index in all the 
wards with the exception of those where the rat-fleas belonged exclusively to the 
species X asha Such an example was ward 17 A high climpis mdex was 
noted lu wuirds 5, 6, 7, 8 and 26 A single Ratlm rattus examined from ward 25 
had all clieopts fleas while 6 Rattus ratlus examined from ward 17 had all ostia and 
no cheopis AU the wards surveyed taken together, Rattus ratlus had a clieojns 
mdex of 2 8 and astia mdex of 1 5, makmg a general flea index of 4 3 

Table VI 


General and specific fiea indices for Rattus rattus in different wards 
of Calcutta surveyed during tlie period 1936-1938 


Ward 

number 

1 

Rata 

examined 

Fleas 

found 

General 
flea index 

Speoifio n.Tii niDioEs 

Astia mdex ^ 

Cheopis mdex 

6 " 

63 

1 

258 

49 

1 

1 7 

32 

7 

1 

31 

182 

60 

1 1 

48 

! 

8 1 

11 

45 

4 1 

00 

32 

6 

47 

210 ' 

44 

2 1 

23 

1 

34 

122 

36 

1 8 

1 8 

11 


31 

28 ‘ 

0 9 

1 0 

1 

26 

1 1 1 

6 ' 

‘ 60 

0 0 

60 

16 

1 

1 





17 

i 6 

12 

1 2 0 

00 

20 

18 

( 

26 

76 

i 29 

i 

03 1 

1 

2 6 

Toxai 

220 

941 

1 

1 5 

28 


With regard to seasonal variation in flea indices for Rattus rattus (Table VII) 
from January to Jime there was not much diSerence m the cheopis mdex, but with 
the commencement of the monsoon the cheopis mdex fell and remamed low till 
almost the end of December On the other hand the astia mdex actually mcreased 
with the commencement of the winter season (see Graph) Whether the climatic 
factors at this period of the year become unfavourable for cheopis and favourable 
for astia is difficult to say However as shown elsewhere, there is no significant 
difference between the relative humidity and saturation deficiency figures through- 
out the year and the only chmatic factor that vanes is the mean temperature 
This duimg the period from October to February is much lower than durmg the 
other months of the year 
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liat-Fleas of Calcutta. 

Table VII 

Seasonal vanalton in geneial and specific flea indices for Rattus rattus 

171 CalcuUa 


PoDod of exftminatjon 

Number of 
i? rattus 
oxammod 

Asha index 

1 Chcopis index 

I 

I 

January-Pcbruary 1036 

30 

1 4 

I 31 

March-Apnl 1936 

68 

1 2 

I 34 

Maj-Jnno 1936 

48 

1 2 

36 

July-Soptombor 1936 

42 

1 0 

j 23 

Octobcr-Docomber 1038 

42 

23 

1 

1 

Total 

220 

1 6 

1 28 


Graph 

Seasonal variation of specific flea indices for different specigs of rats 

found in Calcutta 
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Flea indices for Sattus norvegicus 

In this species in contrast to Raitus rattus, the asim index was higher than the 
cheopis index m 6 out of the 10 wards surveyed (Table VIII) Individually 
R noTvegicits earned a much larger number of fleas than any other species of rodents 
m Calcutta The highest flea mdex (12 7) for this species was found m ward 17, 
followed closely by ward 25 where it was 12 1 

Table VIII 


General and specific flea indices for Rattus norvegicus in different icaids 
of Calcutta suneyed dunng the period 1936-1938 


Ward 

Rats 

Fleas 

1 

Greneral 

' Specific flea indices 

j 

number 

examined 

found 

flea mdex 

1 

Atlia index 

1 

Cheopis index 

6 

16 ' 

103 

64 

! 

00 

36 

7 

61 

366 

I 70 

1 

1 2 6 

44 

8 

63 

412 

1 

77 

34 

1 

43 

6 

18 

23 

63 

1 

40 

1 3 

1 

28 

318 ' 

11 3 

, 7 1 

1 

42 

11 

16 

151 

94 

6 0 

1 1 

34 

25 

40 

485 1 

1 

12 1 

1 

2 0 

16 

12 

61 

1 

1 51 

f 

‘ 48 

03 

17 

38 

482 

1 12 7 

1 

10 9 

1 

1 8 

18 

2 

8 

1 

1 40 ' 

06 

35 

1 

Total 

274 

i 

471 

9-0 

1 

68 

1 

i 32 


With regard to the seasonal vanation m the flea indices for this species of 
rats, there was a steady lowermg of the general flea index from the beginnmg to 
the close of the year and so also the astta index to a certam extent The cheopis 
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index, however, was found to be more irregular in its variations from one penod 
to anothei {see Graph) 


Table IX 


Seasonal variations in flea indices for Eattus norvegicua 

in Calcutta. 


Ponod of examination 

Number of 

1 Jt noTicgmis ' 
examined 

Asita index 

Oheopia index 

January-Pebruarv 1930 

44 , 

14 0 

21 

March-Apnl 1030 

70 

5 0 

42 

May-Juno 1036 

78 

60 

42 

July-Septembor 1030 I 

01 

2 1 

22 

Ocfcober-December 1938 | 

21 

28 

09 

Total | 

I 274 

1 

68 

1 1 

1 

32 


Plea indices for Gunomys vanus. 

In this species of rodents, the general Ilea index, taking all the u aids together, 
was almost the same as that for Ratius ratius But with regard to the specific 
flea indices, the results were more like that of Rat Ins norvegicus, the asita index being 
higher than the cheopis index This was so m all the wards surveyed without any 
exception (see Table X) 


Table X 


Specific flea indices foi Gunomys vanus in different wards of CalcnUa 
surveyed during Vie peiiod 1936-1938 






SPEOmO FLEA INDICES 

Ward 

Rats 

Fleas 

General 



number 

1 

1 

examined 

found 

i 

flea index 

Aetia mdex 

Gheopis index 

1 

6 

8 

34 

42 

20 i 

1 6 

7 1 

46 

290 


44 


8 1 


223 

74 

6 1 1 

! 23 

6 

63 1 

240 

46 

3 6 1 


1 

7 I 

20 

2 0 

2 3 I 


11 

17 1 

48 1 

28 1 

1 9 


26 

16 

17 


142 

2 8 

2 2 


3 

9 

2 7 

! 2 7 


18 

20 1 

140 

7 0 

1 66 

1 

04 

1 

Total 

233 

1,146 

49 

37 

12 
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"Witli regard to the seasonal variation m the general and specific flea indices 
for this species of rats (Table XI), the indices appeared to be high during the months 
of January and Pebruary and then they become gradually less and less till they 
touched the lowest point m October at the end of the ramy season {see Graph) 


Table XI 


Seasonal variation in the specific flea indices for Gunomvs 
vanus in Calcutta 


Penod of examination 

' 1 
Number of 

Q vanus 
examined 

Astia mdex 

CAeopismdex 

January-Febmary 1036 

! 

j 

1 

62 

1 

24 

JIarch-ApriJ 1936 

1 

30 

40 

1 1 

May-June 1936 

77 

1 37 

13 

Jnly-September 1936 

1 66 

1 

1 32 

1 

1 3 

October-Deoember 1938 

1 

' 42 

1 

36 

06 

Total 

1 

233 

1 

33 

22 


Flea indices for Mus musculus (house mice) 

In spite of a large number of these small rodents being trapped in different 
wards during the present mvestigations, only a limited number of them could be 
esanuned for fleas as it was only on a few occasions that these n ere caught smgly 
m traps Altogether 89 mice were exammed from different wards and practically 
the same number of fleas were obtamed on them (Table XU) X ostia and 
X cheopis were found m equal numbers hhce for the exammation of fleas were 
not available from wards 6 and 7 
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Rat-Fleqs of Calcutta, 


Table XII 


General and specific fica indices for lilus rausculus m different wards 
of CaknUla surveyed during the period 1936-1938 


Ward 

1 

Number of 
jJ/ks rmtscuhi^. 
examined 

1 

1 

1 

Fleas i 

General 1 

SPEOmO ILEA INDICES 

nurabor 

found 

1 

flea index j 

j 

index ' 

Cheopta index 

6 ! 

1 

13 

12 

09 

0 1 ' 

08 

7 






8 

3 

7 

23 

1 3 

1 0 

6 



1 



1 

13 * 

12 

09 ' 

03 

06 

11 

11 

16 1 

13 1 

07 

06 

2S 

11 

13 

1 1 1 

06 

06 

16 

14 

9 

0 6 

06 

0 1 

17 

G 

10 

1 7 

1 7 

00 

18 

18 

15 

, 08 

04 1 

04 

Total 

89 

93 

1 0 

06 

06 

1 


Flea indices for Bandicooia indica 

Only 7 bandicoots were examined for fleas Most of these were from ward 25 
Out of 28 fleas caught on these bandicoots 23 were astia and the rest clieopis 
Details are given in Table XIII — 


Table XIII. 


General and specific flea indices for Bandicoota indica in different 
ivards of Calcutta surveyed during ilie period 1936-1938 


Ward 

( 

Number of 

B xndica 
examined 

FleoB 

General 

SPEOmO FLEA INDICES 

number 

found 

flea index ! 

A aba mdex 

Gheopia index 

6 

7 

8 

, 1 

1 

1 

3 

3 0 ’ 

20 ' 

10, 

6 

1 

3 

30 

1 0 

20 

1 

11 

1 

6 

1 

60 i 

1 

fiO 

1 0 

26 

4 

16 

40 

38 

0 2 

16 

17 

18 


0 


1 

1 

1 

1 

Total j 


28 

40 

— — 

33 

07 
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Flea indices for Crocidura coenilea (mtjsk eat) 

These are not rats but shrews They do not even belong to the order of 
rodents They are, however, carnivorous in habit and prey upon small mice and 
other kinds of rats X asUa and X cheopis were fonnd m equal numbers on them, 
taking the results of all the wards surv'^eyed together (Table XIV) In wards 16 
and 17 where aslia predominated on the other species of rodents this shrew also 
showed a higher a^tia iMex Otherwise cheojns index w as as high or even higher 
than the asUa index in all the other wards 


Table XTV 


General and specific flea indices for Crocidura coerulea in all the wards 
of Calcutta surveyed during the period 1936-1938 


Ward 

number 

Number of 

0 coerulea 
examined 

! 

Fleas 
found 1 

! 

1 

General 
flea index, j 

SrEOmO ELEA INDICES 

Astia index 

Cheopis mdex 

5 

0 

16 

2 7 

1 

1 0 7 

2 0 

7 


1 ‘ 

1 




8 

1 

8 1 

80 1 

j 

40 

40 

6 

3 

8 

1 

27 

1 0 

1 7 

1 

2 

7 

36 

1 6 

20 

11 

7 

26 

36 

1 8 

1 

1 8 

25 

4 

17 

42 

i 

16 

2 7 

10 

6 

10 

1 7 

1 2 

0 6 

17 

12 

1 

62 

1 

43 

3 9 

04 

18 

21 

64 

30 1 

1 

09 

2a 

Total 

62 

208 

34 

i 17 

i 

1 7 -- 


J, JIR 


6 
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Rat-Fleas of Calcutta 


In a place like Calcutta, where rats are abundant, the rat-fleas, their number 
and species and their seasonal vanations are of direct importance from an 
epidemiological point of meir regarding plague The interpretation of the general 
and the specific flea indices is, however, a complicated problem because "of the 
variations to which these indices are subject in relation to the species of rats, the 
localities and the season What we ultimately are interested in is the total number 
of fleas classified according to the species v Inch are available for attacking man 
under suitable circumstances Since, however, fleas cannot be independently 
caught, we can only obtain the index of flea catches m relation to the rodents 
caught The best index for our purpose would therefore be the number of 
different species of fleas obtained from rodents caught in 100 traps at any given 
place and time Although it was possible to obtain such an index Ixom the work 
carried out, it would not have been of great use for the purposes of companson, 
as similar data is not available for other plague-infected and plague-free cities 
or for Calcutta in the past 

Wlien compared to other cities for which data are available, Calcutta according 
to the present investigations shows higher maximum and nnmraum flea indices 


Table XVII 


Maximum and minimum flea indices for rodents in some of the plague- 
mjected and plague-jree cities in India 


City 

Province or State 

! 

1 Average 
j maximum 
j fleas per 
rat 

1 

Month of 
maxiinum 
prevalence 

Average 
mimmum 
fleas per 
rat 

1 

Month of 
minimum 
prevalence 

Lucknow 

[ 

! United Provinces 

i 

13 P i 

January 

1 


August 

Bombay 

Bombay 

62 

March 

25 

November 

Madras 

Madras 

64 

i 

January 

22 ' 

June 

1 

1 

f 

Dacca 

82 

April 

20 

' October 

Bengal t 





i 

1 

Calcutta* 

12 0 

[ February 

32 

August 

Hyderabad 

Hyderabad* 

63 

September 

06 

June 


* Observations recorded during the present investigation Flea indices fw other towns men 
tioned in the table have been taken from the records of the Bntish Plague Research Commission 
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There as also a behef during previous years that the comparative freedom 
from plague enjoyed by Calcutta at present might be due to the preponderance of 
the fleas of the species X astia, which has been shown by Hirst (loc cit ) and others 
to be a less efficient vector It is thus observed that the paucity of fleas as 
reported by Stnclcland and Eoy {loc cit ) is not borne out by the more recent survey 
and that the scarcity of fleas does not appear to be the explanation of the relative 
absence of plague m Calcutta Neither is the flea-species factor an acceptable 
explanation as accordmg to the present survey X cheopis forms a fairly good 
proportion of rat-flea population of Calcutta and that m some wards of this 
city it even out-numbers X asha 

SuSQIABY AXD CONCLUSIONS 

A rat-flea survey of 10 selected wards of Calcutta was made covermg a period 
of 12 months (January to September 1936 and October to December 1938) From ' 
the 885 rodents exammed 4,888 fleas were caught, gl^^ng a flea mdex of 5 5 The 
highest flea mdex (9 0) v as found for Rattus norvegicus and Gunmnys vanus came 
next m order with flea mdex of 4 9 followed closely by Rattus rattus with an mdex 
of 4 3 il/ws musculus, Bandicoota tndtca and Crocidura cocrulea showed flea mdices 
of 1 0, 4 0 and 3 4, respectively 

Of the 4,888 fleas collected, 2,963 or 60 6 per cent belonged to the species 
Xenopsylla astia and 1,923 or 39 4 per cent to the species Xenopsylla cheopis Two 
of the fleas belonged to species Ctenocephalus fehs The proportion of astia and 
cheopis vaned not only from ward to ward but also from one species of rodent to 
another Rattus rattus earned more cheopis than astia, whde the reverse was the 
case with Rattus norvegicus and Giinomys vanus 

It is suggested that the distmctlv higher general and the specific flea mdices 
found durmg the present observations as compared with previous findmgs have 
been m all probabihty due to better techmque and control over the collection of 
rats and fleas than to any actual differences m the prevalence of fleas m the city 
at different penods 

Compared vith other Indian cities, Calcutta possesses high general and specific 
flea mdices and this flea factor is qmte favourable for the spread of plague m an 
epidemic form, provided the other factors concerned m the epidemiology of plague 
are also favourable 
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The protective action of pyrophosphate agamst the oxidation of vitamin C 
■was first demonstrated by Gin (1937), •who found that pyrophosphate everts a 
stabilizing action on the -vitaniin both in the presence and absence of Cn and in 
buffered solutions of the vitanun In a subsequent commumcation Gm and Doctor 
(1938) mdicated the use of pyrophosphate for preventing the oxidation of the 
■vitanun dunng extraction from plant and animal tissues, and the reagent has smee 
been used in the estimation of the mtanun C content of animal tissues by Gin (1939), 
and m fnuts and vegetables by Mitra, Mittra and Eoy (1940) The use of pyro- 
phosphate m the preparation of stable solutions of ■vitanun C ivas also mdicated 
It ■was also found by Gin (1937) that pyrophosphate exerts a stabdizmg action on 
the ■vitamin contained m lemon imce Hodt and Stieb (1938) confirmed the obser- 
1 ation that pyrophosphate exerts a stabdizmg action on the -vitaimn contamed m 
lemon jmee They found that, ■while the diluted lemon jmee loses completely its 
■ntamm C potency after four days, the addition of pyrophosphate to lemon jmee 
m such lo-w concentration as 0 05 per cent preserved the potency of the vitamm 
for a much longer penod, and even after 30 days, 16 per cent of the ongmal mtamm 
was present m the ]mce The authors suggested that the stabihty of the -vitaimn 

( H ) 
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present in living tissues can be mcreased by the addition of small quantities of 
pyrophosphate In the present investigation the protective action of pyrophos- 
phate on the oxidation of vitamin C by catalysts lik e On , Ife , Norite and the 
enzyme ascorbic acid oxidase has been studied 


Experimental 

The rate of oxidation of vitamin C nas measured hy titration with the 
mdophenol dye In some cases the results obtamed by the titrimetnc method were 
repeated by measuring the rate of oxidation of the vitannn manometneahy m 
IVarburg’s respirometers 

The manometric method consisted in measuring the O 2 uptake from a solution 
of ascorbic acid, shaken in air in Warburg manometers with 0 2 c c of 20 per cent 
KOH and filter-paper m the central chamber Tlie bufier and the catalyst — Cu or 
the enzyme, ascorbic acid oxidase — together witli pyrophosphate were placed m 
the main chamber of the vessels, ascorbic acid solution being kept in the side arm 
and dropped into the main vessel when temperature equilibrium was reached, and 
readings were taken at definite intervals of time 

The water used for the preparation of buffers and other solutions was twice 
distilled m a Pyrex distillation apparatus 

PjTTophosphate solution was prepared liy dissohmg the salt m the minimum 
amoimt of iiater, and neutralizmg ivuth acetic acid to the desired pH The pH of 
the solution was always tested before addition to tlie reaction mixture 


(i) Ivjluence of different samples of jnjrophospliate on the oxidation of 
vitamin C — ^In prenous investigations tlie pyiophosjihate was prepared from 
•Sorensen’s secondary sodium phosphate, bv Iieatmg tlie salt m platinum crucibles 
to red heat In view of the fact that different samples of secondary sodium 
phosphates ma)'^ possess varying degrees of purity, tlie protective properties of 
pyrophosphate prepared from different samples of sodium phospliate were studied 
both in buSered solutions of the vitamin and in the presence of trichloracetic acid, 
which IS mdely used for tlie extraction of the vitamin from plant and animal 
tissues 

Three samples of pyrophosphate were tested — 

Pyrophosphate A — prepared from iS^rensen’s secondary sodium phosphate 

Pyrophosphate B — prepared from Merck secondary sodium phosphate 

(cryst ) 

Pyrophosphate 0 — ciystalline salt Na 4 P 207 , IOH 2 O 

The reaction mixtures contained 20 c c of 5 per cent tnchloracetic acid and 
5 c c of vitamm C solution, containing 5 mg of the vitamin The concentration 
of pyrophosphate in the reaction mixture amounted to 0 8 per cent anhydrous 

Na^PaO, 
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The results are presented in Table I — 

Table I 

Protective action of the pyrophosphates against the oxidation of vitamin C 

in trichloracetic acid 


0■aX)ATIO^ OF VITAinK C 
AT 37°C 


Mg of vitamin C in the total 
volume of the reaction 
mixture 
Time m hours 



0 

1 

4 

24 

48 

I Vitamin C + tnchloracetic acid 

6 0 

4 5 

2 1 

0 10 

00 

2 Titaimn C + tnchloracetic acid + pvrophosphate A 

6 0 

6 0 

48 

40 

2 2 

3 Vitamm C tnchloracetic acid + pvrophosphate B 

50 

50 

4 8 

3 0 

1 6 

4 Vitamm C + tnchloracetic acid + pyrophosphate C 

6 0 

1 

5 0 

48 

24 

1 0 


The protective action of these pyrophosphates tvas also tested in phosphate 
buffered solutions The reaction mixtures contained 20 c c of M/15 phosphate 
buffer (pH 7 1) and 5 mg vitarmn C The concentration of pyrophosphate was 
adjusted to 0 66 per cent of the anhydrous salt The total volume of the reaction 
nuxture was 30 c c 


Table II 

Protective action of the pyrophosphates against the oxidation of vitamin C 

m buffer solutions 

OX1DA.TIOK OF VTTAMTN C 
AT 37°C 


Mg of ^^tamm C in the total 
volume ol the reaction 
mixture 

Time in minutes 


1 

0 

30 

60 

120 

1 Vitamin C 

60 

3 8 

30 

1 6 

2 Vitamm C + pvrophosphate A 

5 0 

48 

47 

46 

3 Vitamin C + pyrophosphate B 

6 0 

48 

1 

47 

46 

4 Vitamm C + pvrophosphate C 

5 0 

4 7 

47 

43 
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The degree of protection exerted by the pyrophosphates against the oxidation 
01 the vitamin in the presence of tricliloracetic acid vaned slightly with the Uyie of 
pyrophosphate used This difference was, however, not so pronounced in phosjihate 
buffer solutions Among the pyrophosphates studied, that prepared from 
Stpremeo’s secondary sodium phosphate exerted the noaximum protective action 

The pyrophosphate A was, therefore, used in all subsequent investigations 

(n) InJlvcncG of pyropImphaLc on the oxidation of added vitamin Cinunne — 
Vitamin C in urine is easily oxidized, and in determimng vitamin C excretion it is 
necessary to prevent the destruction of the vitannn before analysis It was, there- 
foie, of interest to laiow whether pyrophosphate can he used for the stabilization 
of the vitamin in unne 

To 50 0 c of urine were added 10 cc of water and 6 c c of ntarmn C solution 
contaimng 5 mg of the vitaxmn To one of the samples pjrophosphate was added 
m such amounts as to bnng the total concentration of the salt to 0 64 per cent 
The rate of oxidation of the added vitamin in unne was determined at room 
temperature The results are presented in Table III — 


Table III 


Influence of pyrophosphate on the oxidation of added mtamin in unne 



1 Unno -f vitamin C 

2 Unne + vitamin C + pyrophosphate 0 64 per cent 


OVTOATION OF VITAMnf C 
AT 37°C 

Jtg of vitamin C m the total 
volume oi the urine 
Time in hours 

0 I ! 18 24 


10 0 6 


10 0 5 


38 19 

63 60 


The lesults show that pyrophosphate jirotects tlie added vitamin C against 
oxidation 

The effect of addition of pyrophosphate to unne m presence of trichloracetic 
acid, was also tried, and it was found that ptwophospliate exerted similar 
protection against the oxidation of the vitamin in urine 


{ill) Influence of pyrophosphate on the oxidation of miamin G by ferrous iron 
Pyrophosphate is an inhibitor of many iron catalysed reactions It has been shown 
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to form steble complexes vath feme ions (Warbnrg, 1927) The influence of pyro- 
phosphate on the catalytic oxidation of the vitamin by ferrous ions •was, therefore, 
tested 

The reaction mixture consisted of 10 c c of acetate buffer (pH 5 6) and 5 mg 
of the vita min and 0 7 mg of FeSO^, THgO m the total volume of the reaction 
mixture The total concentration of pyrophosphate was adjusted to 1 per cent 
The results are presented m Table lY — 


Taell IV 

Influence of pyrophosphate on the oxidation of utainin 0 by ferrous iron 


OTTDATIO'f or MTAlinr C AT 

rra 


JIt of ntamin C in th*' total volnm^ 
of tbr reaction mncfnrr 
Timo in mmntr , 


0 10 y) r/) 


L Vts--C 


2. VHairia C — Fe- 




~>y f ” " 'j 


jf/ 


2 { 


>"0 ""0 4-S 


nT- ' ^- T7r^ cf 


it p~ropic exers s pro'^eotfve action the 


iff 1,1 I'-fl’-erjye of pyrrjz'r'^z^', 
Lery hsve shcrx: th 



O’" C’Z’jsrfior of vi'/irr^r (S hy Zlr/rite.-^ox 
ui y<r=rji chnic-ral rapidlr oxfurzer ascciHc ar-£d 
n tils been sLum that the catalrrm ar-ffrftj of 
ex.'', n — as cf fxtete^ to fcxoT- 


lixs- the oxfiaffc 


iTtarxfr 


xet'ti'x: " ■•'■• i - ' e oixxixxex ai-r.-. e exffet fcH i-F i atfh o rxti of 
C. "he lotal v'xxxe sxxixxxxx tx - r-x. rf rxo^x. h*o_-fty; 
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the reaction nustiire was adjusted to 1 per cent The results are presented 
in Table V — 


Table V 

Action of pyrophosphate on the oxidation of vitamin 0 by Nonte 



The residts show that pyrophosphate protects the vitanun from Norite 
oxidation 


(u) Influence of pyrophosphate on the oxidation of vitamin C by ascorbic acid 
oxidase — Stotz, Harrer and King (1937a, b), on the basis of their observations on 
the action of a number of copper inlubitors on the activity of the enzyme ascorbic 
acid oxidase, conclude that the activity of the enzyme, previously ascribed to 
a specific oxidase, is due to the copper present in combination with protein 
material They found that diethyldi-thiocarbamate, 8-hydroxy-quinohne, pyridine, 
potassium thiocyanate, sodium cyanide, potassium ethyl xanthate, potassium 
ferrocyamde and sodium sulphide produced nearly complete inhibition of the acti- 
vity of the enzyme, as well as copper and copper-protein mixtures It was, there- 
fore, of interest to know whether pyrophosphate which inhibits the Cu oxidation 
of the vitamin, exerts the same degree of inhibition on the enzymic oxidation of 
the vitamin 

Preparation of ascorbic acid oxidase — ^Tlie enzj^me was prepared from the juice 
of the pericarp of Cuaumis sativus, by precipitation with acetone The juice was 
obtained by pressing the pulp with cloth and the enzyme was precipitated from the 
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freshly expressed ] uice by adding an equal volume of acetone, and centrifuging to 
remo\ e the precipitate, which v as re-dispersed in the same volume of water as the 
ongmal ]mce 

The activity of the enzyme was studied at pH 6 6m the absence and m the 
presence of sodium pyrophosphate both by measuring the oxygen consumption m 
"Warburg manometers and titrimetncally by the dye method Eor the titrimetric 
method the reaction mixtures in each case consisted of 20 c c of M, 5 acetate buffer 
(pH 6 6), 6 c c of yitamin C solution contaimng 5 mg of the mtamin The concen- 
tration of pyrophosphate v as adjusted to 1 per cent, the total volume of the solution 
being adjusted to 30 c c The vitamin was estimated at stated intervals by titra- 
tion with the mdophenol dye The results are presented in Table VI — 


Table VI 


Influence of pyrophosphate on the enzymic oxidation of vitamin C 


Oxidation or vitamin C at 
37°C 


Mg of vitainm C in the total volume 
of the reaction mixture 
Time in minute'" 



0 

10 

20 

30 

60 

1 Vitamm C -p enrvme 

6 0 

2 9 

2 3 

20 

1 4 

2 Vitamm C 4- enzyme + 1 per cent pyrophosphate 

6 0 

2 9 

1 

1 * 
1 

26 

2 2 

1 4 


The experiment was repeated with the "Warburg apparatus, and the rate of 
oxidation was followed by measuring the oxygen uptake The vessels were air 
filled and coutamed 2 mg of vitamm C and 1 c c of 11/6 acetate buffer (pH 6 6), 
0 5 c c of enzyme or copper sulphate solution contaimng 0 07 mg CuSO^, 5 H 2 O , 
pyrophosphate concentration was vaned The total volume of the mixture m the 
mam vessel was 3 c c The oxygen uptake was measured after the temperature 
equihbrium was reached The results are presented in Graphs 1 and 2 

The results of a t 3 q)ical experiment presented m Table V show that pyrophos- 
phate has no protective action against the enzyimc oxidation of ntamm C A 
repetition of the experiment earned out manometricaUy has shown that pjrrophos- 
phate exerts very slight protection at 0 83 per cent concentration against the 
euzynuc oxidation of the vitamin. But the degree of protection exerted is very 
little compared to that of the protection exert^ against Cu oxidation of the 
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(vt) Efect of pyiophosjyhate on the ondahon of vita7mn 0 by albumtn co])per 
complex- Stotz el al (1937a, b) hnve shown that a mixtnvo of copper andalbunim 
ex]iib)ts tlie cljaracterjstic properties of tlie enzyme ascorbic acid oxidase It was, 
tlierefore, of interest to investigate the protective action of pwophospbate against 
tlie oxidation of tlie vitamin by Cu 'albumin complex 

The Cu -albumin complex was prepared by dissolving 50 mg of egg albumin in 
10 c c of water, and to this was added 10 c c of a solution containing 0 345 mg * 
of CuSOi per c c Tlie mixture was well shaken before use The reaction mixtures 
consisted of 20 c c of acetate buffer, 6 mg vitamin C, the total volume being 
adjusted to 31 c c Two c c of the Cu -albumin nnxtme was used for oxidation 
of the vitamin The concentration of piTophosphate was adjusted to 1 0 per cent 
The results are presented in Table — 

Table VII 

Effect of pyropihoijyhale on the oxidation of vitamin 0 by Cn -albumin 

complex 


Oxidation of vitajun C 

AT SIV 


Wp of \ itftDiin C in the total 
\olumo of the reaction 
mixture 

Time m minutes 



0 

' 10 

20 

1 

60 

1 Vitamin C 

1 

60 


3 G 

33 

i 

26 

i 

2 Vitamin C Cu albumin 

60 

27 

2 3 

1 

i 19 

1 

0 42 

3 Vitamin C -f Cu albumin -f pyrophosphate 

60 

I 

i 

36 

32 

1 

1 

' 29 

22 

1 

1 


The results show that pyrophosphate exerts a protective action against the 
oxidation of tlie vitamin by the Cu -albumin complex 

Discussion 

The r6le of pjTophosphate in relation to respiration mechanisms, and other 
oxidation-reduction systems in living tissues, has been the subject of mtense study 
Dixon and Elliott (1929) have shown that pyrophosphate acts as a respiratory 
inhibitor Unlike cyanide inhibition, which is mainly due to its action on the 
cytochrome oxidase, pyrophosphate inhibition of respiration is not due to its efiect 
on cytochrome oxidase, as it has no action on this erwyme Leloir and Dixon (1®^ ') 
investigated the efiect of pyrophosphate on the dehydrogenase and foimd that 
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pyrophospliate strongly uilibits tbe auccmic deliydrogenaaes, without anv effect 
on the other dehydrogenases investigated Thus pyrophosphate is shown to act 
as a respiratory inhibitor by inhibiting the acti\atv of succinic dehydrogenase which 
according to Szent-Gyorgy (1935) plays an important r61e m the respiration of 
ammal tissues 

It IS reported by Green (1936) that pyrophosphate causes 100 per cent accelera- 
tion of mahc dehydrogenase, whde the lactic dehydrogenase is not affected Peters 
and Smclair (1933) have shown that sodium pyrophosphate added with lactate 
mcreased the respiration rate of nunced pigeon brain m phosphate buffer to a 
considerable extent Peters et al (1933, 1935) found that pyrophosphate (M/100) 
increased the catatomhn effect of vitamin Bi in the metabolism of lactate and 
pyruvate Recently, Ochoa (1939) has shown that pyrophosphate inhibits the 
cocarboxylase synthesis Greig and Munroe (1939) mvestigated the effects of 
pyrophosphate on respirmg shces of different tissues, and found that it produced 
vanous effects on the metabohsm of tissue shces dependmg both on the tissue and 
the substrate employed Pyrophosphate has thus laried effects on respuation 
and other oxidation-reduction systems m hving tissues 

The present myestigation on the action of pyrophosphate on the oxidation of 
vitanun C has shown that it protects not only the Cu oxidation of the yitamm, 
but also Its oxidation by iron. Norite, and Cu -albumin complex 

It would perhaps be appropriate here to explam certam discrepancies obsen’’ed 
by Klodt and Stieb (foe cii ) m their studies on the stabihzation of vita min C by 
pyrophosphate The authors foimd that the vitamin present in lemon jmee is 
protected from oxidation m presence of small concentrations of pyrophosphate 
(0 05 per cent), whde pure synthetic ascorbic acid solutions are not stabilized by the 
reagent This may be explamed as bemg due to the lack of control m pH of the 
solutions It IS so well known that pyrophosphate solutions are intensely alkaline 
m reaction and the solution should be neutolized to the desued pH before it is added 
to the reaction mixture It is clear from their experiments that the pyrophosphate 
vas added to ascorbic acid without neutrahzmg the solution In the absence of 
buffer, the pH would be shifted from acid to highly alkahne range when pyrophos- 
phate IS added to ascorbic acid solutions Then mterpretation of the data relatmg 
to pure synthetic ascorbic acid solution is, therefore, at fault because changes in 
reaction caused by the addition of pyrophosphate were not giyen consideration 
In other words, there was no pH control In the case of hme jmee, houever, the 
addition of pyrophosphate might not have altered the pH, as a result of the high 
acidity and buffermg capacity of the juice, and hence the protection is observed, 
because changes m reaction caused by the addition of pyrophosphate is neghgible 
It would, therefore, be entirely erroneous to conclude from observations made with- 
out any proper control of pH, that pyrophosphate does not protect the vitamm m 
pure solutions 

Much controversy has raged round the question of the chemical nature of 
ascorbic acid oxidase Stotz et al (loc cit ) have put forward the view that the 
enzyme is a copper protem compound and that the activity of ascorbic acid oxidase 
IS related to the presence of copper m combination with proteins Spruyt and 

Jj Mr q 
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Vogelsang (1938), on the other liand, have shown that no parallehsm exists between 
the oxidase action and copper content, and that the enzymic oxidation cannot be 
ascribed to the presence of copper alone The results of the present investigation 
indicate that the copper oxidation of the ntanun is greatly mhibited by pyrophos- 
phate, while the enzymic oxidation is not much affected by pyrophosphate of the 
same concentration (Graphs 1 and 2) It would appear, therefore, that either Cu 
does not constitute the active component of the enzyme, or the Cu is present in a 
complex combination ivith a protem or any similar earner, which may not be 
similarly influenced by pyrophosphate in the same way as the Cu ion Experi- 
ments on the behamour of a Cu -albumin complex towards \atamin C have shown 
that p}T’ophosphate protects oxidation by the Cu -protein complex Thus, the 
behaviour of pjn’ophosphate towards Cu , Cu -albumin complex on the one hand 
and the enzyme on the other, differs from that of other inhibitors as reported by 
Stotz et al {Ido cit ) in that the latter inhibit the enzymic oxidation, while 
pyrophosphate does not It is impossible at present fully to explain the experi- 
ments and until moie is known concermng the nature of the Cu -combination, 
theories about the metal protem combination of tlie enzyme ascorbic acid oxidase 
must be accepted mtli caution 


Summary 

The effect of pyrophosphate on the oxidation of vitamm C by various catalysts 
IS described It was found that pyrophosphate exerts protective action on the 
oxidation of the vitaimn by Cu , Fe, Norite and copper-albumin complex The 
enzymic oxidation was, however, very bttle affected by pyrophosphate It also 
exerted protective action against the oxidation of added vitamin C in urine The 
bearing of these results on the nature of ascorbic acid oxidase is discussed 
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Peeviotjs investigations m this laboratory (Aykroyd, Knsbnan, Passmore and 
Sundararajan, 1940 , Aykroyd and Swaminathan, 1940) have sboivn that the par- 
boiling of nee (i e steammg m the hnsk) greatly reduces losses of vitamin Bi and 
mcotmic acid from the gram on millmg Parboiled milled nee contams 3 to 4 times 
as much of these factors as raw nee of the same botamcal vanety milled to the same 
degree The effect of the washmg and cookmg of nee on vitaimn Bi and mcotimc 
acid was also studied, and it was found that on the average these processes cause a 
loss of 40 to 60 per cent There was some mdication that vitamm Bi and mcotmic 
acid are more easily removed by washmg and cookmg from raw than from par- 
boiled nee, but sufficient data were not obtained to estabhsh this pomt In the 
present mvestigation a more detailed study of losses of mcotmic acid under these 
conditions was earned out The distnbufaon of mcotimc acid m the nee gram 
and its behaviour during the process of parbodmg are similar to those of vitamm 
Bj, 1 e mcotimc acid is most abundantly present in the germ and pericarp, while 
the starchy endosperm contams it m much smaller quantities , dunng parbodmg it 
diff[.ises through the endosperm and cannot be removed on subsequent rmllmg 
(Aykroyd and Swammathan, he cit) It is easier to assay mcotmic acid chemically 
than vitamm Bi Hence it was felt that a study of the effect of washmg and 
cookmg on the mcotmic acid content of nee would provide a clue to the effect of 
these processes on vitamm Bj content 

Experimental 

Otdmary commercial samples of raw nulled and parboiled nulled nee were 
obtamed from the local market These mcluded several different vaneties The 

( 83 ) 
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mcotmic acid content of tlie samples as purchased was determined Subsequently 
the rices were waslied and cooked according to practices commonly followed 
in Indian homes Rice is usually -washed several times in preparation for 
consumption The mcotimc acid determinations were carried out on the water 
used in washmg, the cookmg water and the nee after washing and coobng 
The percentage loss of mcotimc acid from raw and parboiled nee so treated 
was compared 

Washing and cooking were carried out as follows Tivo hundred grammes 
of nee were washed three times, usually mth about its own weight of water, thence 
being stirred under water for tivo minutes with a glass-rod for each w'ashing, and 
the W'ashings decanted off as completely as possible The washed nee was then 
added to 1 htre of boibng w ater and cooked until fit for consumption (20 mmutes 
in the case of raw' rice and 30 mmutes m the case of parboiled rice), caie bemg taken 
to prevent evaporation of water as much as possible The cooking water (conjee) 
was then decanted off and measured 

Estimation of mcotimc acid — The cj'anogen bromide-amline method as 
developed in this laboratory (Swannnathan, 1938) wms used for the estimation of 
mcotmic acid m the various samples In carrying out tests on the water used for 
washing and cookmg, the following procedure was adopted — 

Five ml of lead acetate (30 per cent solution) were added and the precipitate 
removed by centrifuging Excess of lead was remoi'-ed as sulphate The clear 
solution was adjusted to pH 6 and evaporated to a small bidlc (76 ml ) on a 
water-bath or directly over a flame m big beakers It was again adjusted to pH 1 
by the addition of enough sulphuric acid and filtered or centrifuged to remove 
msoluble matter, consisting mostly of starch and some lead sulphate The test 
was then apphed to this solution 


Results 

The results of expenments with three samples of raw and parboiled rice 
respectively are shown in Table I Data obtained m an earher investigation are 
also mcluded m this table The same amounts of water were used m the washing 
and cookmg of aU the samples 

It wiU be seen that the average loss of mcotmic acid from the raw samples 
on washmg was 60 per cent, whereas m the case of the parboiled samples it was 
only 10 per cent The losses on cookmg from already washed samples of raw and 
parboiled rice were on the aveiage 40 and 45 per cent respectively, i e of the same 
order m each case It is to be observed that ‘ conjee ’ from parboiled rice contams 
2 to 3 times as much mcotmic acid as the ‘ conjee ’ from raw nee The percentage 
losses from the raw and parboiled samples, caused by both washmg and cooking, 
were about 70 and 60 per cent respectively 

The figures given m Table I indicate that the losses on washmg are quantite 
tively greater than those occurring on cooking The effect of washmg m five samp es 
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TABIiE 1. 

The effect of loashing and cooling on the mcotinic acid content of raw 

and parboiled nee 


Bice sample 

Unwaslictl rice mg /lOO g 

Wash water removed from 
ion g of nee (mg ) 

jA 

c 

o 

to 

2 g 

'S' 

o 

a 

2 

O 

12 

■S 

> 

Q 

O 

rA 

o 

s 

Cooked noo mg /lOO g 
of original rice 

Conjee (water used for 
000 kmg) 

11 
c3 ^ 

is “ 
ill 

'S d g 

o 

w 

es 43 o 

^ a > 

S O 

g 042 

Ph 

1 Ban- hand pounded 

26 

1 1 

44 

1 4 

07 

! 06 

i 

45 

2 „ milled 

1 7 

07 

41 

1 0 

06 

04 

40 

3 i» »» 

1 6 

1 

10 

63 

1 

06 

1 

04 

02 

33 


Average 

60 




40 

4 Parboiled hand pounded 

33 

1 03 

10 

30 

1 4 

16 

60 

6 „ milled 

30 

03 

10 

2 7 

1 3 

16 

65 

6 

30 

1 

03 

t 

I 

10 

2 7 

1 

1 9 

09 

30 


Average 

10 

1 

1 



46 
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of raw and five samples of parljoiled nee was then investigated, the results being 
given in Table II — 


Table II 

The effcl of washing on the nicolinic ucid content of raw milled and 

parboiled milled rice 





t 

Xicomio ACID DOST IN WASH WATER 


Washed nee 
mg /lOO g 
of onginal 
nee 

Rice sample number 

lTu\i ashed 
rice 

mg /1 00 g 

1 

1 Isfc 

' ivashing 

1 

1 

2nd 

washmg 

3rd 

T\ ashing 

Tolnl 

Percentage 
lost m wash 
water 


( 1 

1 

1 

1 

1 0 

1 

j 0 93 

010 

0 02 

1 05 

66 

0 66 


2 


20 

, 

j 1 09 

0 18 

004 

1 31 

60 

0 69 

Eav milled > 

3 


15 

1 0 64 

016 

0 12 

0 91 

60 

0 60 


4 


1 13 

i 

i 

oco 

OOG 

0 03 

0 69 

53 

0 61 


[5 


1 

14 

1 

] 

0 60 

012 

OOG 

0 77 

66 

0 63 

Average 

1 

1 10 

1 ! 



■ 

j 

0 96 

1 

60 

0 66 



■ 1 

BO 

0 16 

on 

! 

0 05 

1 

0 31 ! 

1 

j 

10 

2 00 



2 

31 

0 30 

016 

010 

O'Gl 

20 

2 40 

Parboiled milled 

3 

1 

39 ! 

0 20 

0 05 

0 04 j 

i 

0 29 

7 

3 01 



4 

j 30 ' 

0 18 

0 06 

i 

0 03 

0 26 

9 

2 74 


1 

, 6 

1 

3 . 

0 22 

1 

0 08 

0 08 

j 

0 38 

12 

2 72 

Average 

1 

33 

1 

i 

i 


0 37 

12 

2 83 
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Table U shows that on the average about 60 per cent of the mcotinic acid 
present m the raw rice samples was washed out The first washing removed 
most of the mcotmic acid, the second and third washmgs contaimng but little 
On the other hand, the parboiled milled nee samples, which origmaUy contamed 
twice as much mcotimc acid as the raw milled samples, lost on the average only 
12 per cent of their mcotimc acid Even washmg thnce with four times its 
weight of water failed to remove more than 16 per cent of the mcotimc acid 
contamed m parboded nee, as will be seen from Table III — 


Table III 


The e^ecl of icaslmig loith varying amounts of loaier on the nicotinic acid content 

of raw milled and ‘parboiled nee 


Rice sample number j 

Unwashed 

neo 

mg /lOO g 

Qua nil ty 
of water 
used for 
washing 

XlCOrtMC ACID LOST Df WASRJNGS j 

Percentage 
lost in 
washings 

! Wf?shed nee 
mg /lOO g 
of original 
nee 

1 

1 

1 

2 

1 

3 

Total 

Raw nulleA I 

10 

Equal 

1 

0 93 1 

j 010 

0 02 

1 05 

66 1 

0 66 

, » I 

16 

4 times 

103 1 

1 1 

1 004 

0 01 

1 08 

68 

0 63 

Rarboiled nulled I 

30 

Equal 

1 

0 16 ‘ 

1 

‘ 0 11 

1 

0 05 

0 31 

1 

10 

1 

2 69 

.. . I 

30 

j 

4 times 

0 23 

014 

1 

1 j 

009 

1 

040 

i 

15 

1 

1 2 64 


Discussion 

The losses of water-soluble vitamins to the consumer which are caused by 
cooking per se largely depend on the amount of cookmg water used and whether 
it IS discarded or not If only just enough water to cover the nee is used m cookmg, 
losses will be small smee most of the water is consumed ilethods of cookmg nee 
m India vary m different commumties and districts , it is often the practice to use 
as httle water as possible and the ‘ conjee ’ is often taken. On the other hand, nee 
IS usually washed before cookmg, and washmg is regarded as essential by the 
nce-eatmg population. The losses from washmg are thus more important and 
constant than the losses from cooking 

The patboihng of nee, m addition to reduemg losses of mcotmic acid on millmg, 
has also the effect of reduemg losses occumng when nee is washed accordmg to 
ordmary domestic practice It may be assumed that the vitamm Bi content of 
raw and parboded nee will be affected m the same way by washmg It has been 
shown (Aykroyd et al ,loc at) that m India benben is common m districts m i\ Inch 
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the poorer classes cousume a diet largely composed of raw milled nee, whereas the 
consumers of milled parboiled nee rarely contract the disease In connection with 
the beriberi problem, parboiled nulled nee has two advantages over raw milled 
rice (o) it has a higher initial Mtaimn Bi content, and {h) the vitamin Bj present 
in the former is more difficult to w ash out Botli are of importance in produemg 
the almost complete immunity of the parboiled rice eater to benben Platt (1939) 
lias shown that the washing of raw nee is a significant factor m the causation of 
beriberi in China 

Tlie fact that parboiled nee loses a smaller proportion of its mcotmic acid on 
w ashing than raw nee is presuniablv due to the diffusion of mcotimc acid through 
tlie endosperm on parboiling In raw nee most of the mcotmic acid (and lutaimn 
Bj) 18 present in the outer layers "ttffien nee is washed in the cold the watei does 
not pass right through the grain On the other liand, boiling neater used for cooking, 
which penetrates the gram completely, removed about the same proportion of 
mcotimc acid from already washed raw nee and parboiled rice 

SumjiarY 

1 The effect of ivashing and cooking on the mcotimc acid content of some 
commercial samples of nee has been studied 

2 Kaw milled nee loses the greater part of its mcotimc acid (60 per cent) 
dunng the process of washmg, while parboiled milled nee, in spite of its higher 
mcotmic acid content, loses much less (12 per cent) Washed parboiled nulled 
rice contains on the average i times as much mcotimc acid as v ashed raw 
nulled rice These figures and percentages are probably applicable m the case of 
vitaimu Bi 

Acknowledgment 

The assistance of Mr A_ V Matliew, Cheuustry Department, Umversity of 
Travancore, in this investigation is gratefully acknowledged 

REFERICNCES 

AYWioYn, ICiuSHNAK, FASSMOKb ivnd ‘The nco x)roblom m India hid Med 
yuNDAHABAJAN (1940) Bcs Mcvioir No 32 

Aykbovd and KwASUN-VTifAN (1040) dnd Jovr Med J?ca, 27, p 067 
PuATT (1039) ‘ Nutrition in tlio Colonial Empire App 6, 

p 780 

Snyamxkathan (1038) Ind Jour Med Res , 26, p. 427 



Ind Jour Med Res, 2&, 1, January, 1041 


THE VITAjMIN B, CONTENT OF THE mLLETS ELEUSINE 
CORACANA AND SORGHUil 7ULGARE, WHOLE 
WHEAT GROWN UNDER DIFFERENT 
i\IANURIAL CONDITIONS, AND RICE 
STORED UNDERGROUND 

BY 

R PASSMORE, 

AND 

A R SUNDARARAJAN 

{Nutn/Km Research Laboratories, I R F A , Coonoor, S India ) 

[Received for publication, July 8, 1940 ] 

Detailed investigations on the vitamin Bj content of nee have recently been 
reported from these laboratones (Aykroyd, Knshnan, Passmore and Sundararajan, 
1940) While the quantity of nee consumed m India exceeds that of all other 
cereals put together, wheat and millet are also extensively cultivated There 
are some 20 million acres under Sorghum vulgare, called jowar in Northern India 
and cholam m the South Eleusine coracana (ragi) is also an important crop, 
being the prmcipal staple of the Mysore tableland and widely gromi ekewhere 
m South India. In 1938 there v ere some 3 8 milUon acres m Bntish India under 
this gram. 

The apphcation of the thiochrome method of assaymg vitamm Bi to cereals 
lias ahead} been desenbed (Aykroyd el al , loc cit) In the present investigation 
the vitamm B^ content of 10 strains of cholam and 6 strains of ragi respectively 
rras determmed by this method Vitamin Bj assays of wheat subjected to vanous 
kmds of manunal treatment, and of nee stored undei^ound for 2 months, are 
also reported. 

Results 

The residts of the tests on cholam and ragi are given m Tables I and 11 
respectively The samples were obtamed from the Millets Specialist, Government 

( 89 ) 
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Vitamin Content of Cereals. 


Agricultural College, Coimbatore Tbe average values obtained for cholam and ragi 
were 3 5 ^tg /g and 4 2 /xg /g respectively There was some vanation from sample 
to sample, and among the samples of ragi one cioss (EC 1640) stood out as being 
particularly rich m vitamin Bj The essential point, however, is that all the strains 
contained more than enough vitamin to jnevent beriberi if consumed as the princi- 
pal ingredient in the diet The average vitamin Bj /calorie ratios were 1 2 m the 
case of ragi and 10m the case of cholam The work of Wilhams and Spies (1938) 
suggests that it is only when the vitamin Bi/calone ratio of diets falls below 0 250 
that there is danger of the occurrence of beriberi 

The vitamin Bi content of these millets is of the same order as that of shelled 
rice, 1 e nee with germ and pencarp intact But nee before consumption is sub- 
jected to various processes — ^pounding, milling and washing — which reduce vita- 
rmn Bi content (Aykroyd ei al , loc ext ) Kagi and cholam, on the other hand, 
are usuallv consumed ‘ whole ’, and are not washed before coolang The vitarom 
Bi content of diets based on rice can thus be considerably raised by the mclusion 
of some millet in place of an eqiuvalent quantity of rice Such an addition or 
supplement is particularly valuable when the diet is composed cluefly of raw nulled 
rice, which contams much less vitamin than parboiled milled rice To the best 
of the authors’ knowledge, beiiberi does not occur among those who consume 
cholam or ragi as their staple cereal 


Table I 

Vitaimn By content of diferent strains of cholam (Sorghum vulgare) 


Sonal 

number 

Number used by 
Agrio Dept- 
(strain number) 

Local namo of 
ranotj 

Where grown 
normally 

Colour of 
Ihe gram 

Im^ated or 
ram fed 

Vitamm 

US Is 

1 

AS 29 

Penamanjal 

Coimbatore 

Yellow 

Ram fed 

31 

2 

AS 1093 

Talaivinchan 

99 

1 

White 

)> 

49 

3 

T/1 

Telia jonna 

Bolloory 

9* 

19 

36 

4 

N 29/08 

Patoha jouna 

Nandya] 

1 

Yeljow 1 

" 

27 

6 

AS 2096 

Vellai oholam 

Coimbatore 

White 

Irrigated 

37 

6 

AS 389 

Son cholam 

i 

Red 

99 

28 

Mean 

36 
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Table n 

Ftta?nni By content oj dvffereni strains oj ragi (Eleusine coracaua) 


Senal 

number 

Number used by 
Agnc Dept 
(stram number) 

Local name of 
variety 

Where grown 
normallv 

Colour of 
the gram 

Time from 
sowing to 
harvest 
(days) 

Vitamm 
fig /g 

1 

EC 24 


n 

Coimbatore 


Brown 

136 

38 

2 

EC 47 



Bellary 



136 

36 

3 

EC 297 

T/S ragi 

>> 


»> 

135 

46 

4 

EC 593 


Gidda Aryan 

Salem 



120 

37 

S 

EC 3517 

Mutti ragi 

Coimbatore 


*> 

no 

40 

6 

EC 1607 

Poorasi keraru 

South Arcot 


” 

106 

40 

7 

EC 3735 





ft 

110 

47 

8 

EC 3030 


Derived from crosses at the 



110 

42 




^ Millete Breedmg Station, . 





9 

EC 1640 


Coimbatore 



White 

130 

66 

10 

EC 2928 





t7 

130 

2 7 

Mean 

42 


The vitamin By content oj loheat — Samples of wlieat groBii under various 
conditions at the Government Agncultural College, Lyallpur, Punjab, ivere 
^ayed, the results being given m Table III Each treatment was apphed to 
4 plots and the samples investigated were composite samples obtained from the 
4 plots The stram of wheat was the same throughout The values obtamed 
for the vanous samples did not show important variations, suggesting that the 
^tanun content of wheat, and presumably of other cereals, is httle influenced 
by sod conditions 
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Table III 

Vitamin Bi conteid oj wheat giown under different manunal ccmdilions 
Each IS a composite of 4 samples grown in 4 diferent plots 


Serial 

number 

1 

Manunnl Irentmont 

Vitamm 
ng Is 

1 i 

i 

No imiiurc i 

1 

36 

0 

Potapsium nitrafo niono @ 60 lb N per acre 

40 

3 

1 . , green manure @ 6 tons per acre 

36 

4 ! 

Supcrplio<;pliaU' alone (5) 00 lb P per acre 

33 

6 

, 4 ammonium Bulpliatc @ CO lb N per acre 

i 

43 


Hams (1934), in\ estigatmg tlie vitamin Bi content of samples obtamed from 
tbe Rotbamstead Experimental Station, amved at a similar conclusion Leong 
(1939) has recently made a farther study of this question and has recorded the 
following values for the vitamin Bi content of wheat grown at the Rothamstead 
Experimental Station on plots treated m difiercnt ways — 


1 

Treatment 

Vitanun 

Bj content 
liSiS 

14 tons of dung per acre 

36 

No manuro 

30 

Complete mineral manure 1 

39 

Complete mineral manure 4- 413 lb of ammonium sulphate per acre 

36 

412 II) of ammonium sulpliafc per acre 

3 6 


Leong’s figures, obtained by the bradycardia method of assay, are of the same 
order as those shown in Table III and gn e no mdication that the vitamm Bi con- 
tent of cereals can be raised by appropriate treatment of the soil Esseidially t e 
same result vas recoided by Leong in the case of samples of barley Smieune 
and Schiebhch (1936) and Seheunert and Wagner (1937) reported that dmerences 
in soil conditions did not afiect the vitamm Bi content of wheat, rye or bar ey 
Whole-wheat eaters do not suffer from benberi, and the inclusion of some 
whole wheat in tbe diet of consumers of raw milled nee would be preventive o e 
disease. 
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The vitamin Bi content of nee stored underground — -Eice from freshly harvested 
paddy is not usually consumed m India in the raw state, i e mthout parboilmg 
Unmatured raw nee cooks to a pasty consistency and is said to be difficult to digest 
The parboilmg of newly harvested paddy, on the other hand, makes the nee obtained 
from it immediately fit tor consumption, and m areas m v hich raw rice is generally 
preferred it is often the custom to use parboiled nee for one or two months after 
the harvest, because this makes the new crop immediately available If the grain 
is to be consumed nuthout previous parboding, the paddy is usually stored for 
several months, after which the pounded or milled nee obtamed from it is consi- 
dered fit for consumption To qmcken the process of maturmg or ‘ emmg ’, paddy 
IS often stored underground in a pit for 2 months or more There is a behef that 
storage under these conditions improves the nutritive value of nee and it was sugges- 
ted to us that it might have the same eliect as parboding, which causes the vitaimn 
contamed m the germ and pericarp to diffuse mwards mto the endosperm, so 
that the vitaimn cannot be removed by miUing 

Tv'o varieties of paddy, CO 6 and ADT 11, grown m the Trichmopolv district, 
were stored underground for two months and subsequently nulled m a local null 
to the ordinary commercial degree The vitamm Bj content of the husked gram 
with germ and pericarp mtact and the nulled product obtamed from these samples 
was determined. The results are shown m Table TV — 


Table IV 

Yitannn content of whole and milled nee from paddy stored under- 
ground for two months after honest 


Serial 

number 

Variety of paddy 

1 

Vitamin 
Bi Pg /g 

1 Percentage of 
vitamin B, 
remaining after 
miUing 

1 

ADT 11 -whole 

24 


2 

1 

ADT 11 milled 

08 

33 

3 

CO 6 whole 

1 

3 2 


4 

CO 6 milled 

: 

1 

38 


It will be seen that milhng removed about two-thirds of the vitamm B^ present 
m the unhusked nee This corresponds to the proportion generally removed m 
the miffing of raw nee , m the case of parboiled nee the loss on miffing is usually 
about one-tlurd (Aykroyd et al , loc cit) The values given by these samples 
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coi respond to those given ])y husked and milled roiv rice generally It is therefore 
evident that storage underground does not produce the effect of paxboilmg and 
the nulled pioduct ob tamed from padd}' matured m this way is no ncher m 
vitamin Bj than ordinarj'^ commercial raw milled rice 


Summary 

1 Samples of Eleustiie coracana and Sorghum vulgare were found to have 
an average vitamin Bj content of 4 2 and 3 5 microgranis per gramme respectively 
The thiochrome method of asaay vras used 

2 Samples of wheat growm under different manurial conditions w'ere approxi- 
mately sinular in vitamin content 

3 Bice nulled from paddy stored underground did not contain more vitamin 
Bj than ordinary commercial raw nulled rice 


Aoknowledgjients 

The samples of millet were supplied by Eao Bahadur Gr N Rangaswaroi 
Ayyangar, hlillets Specialist, Coimbatore, and the samples of wheat by hlr Gur- 
charan Singh, Government Agncultural College, Lyallpur Dr T S S Bajan, 
Trichinopoly, suggested the investigation of rice stored underground and provided 
the gram for testing 
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THE VITAMIN A CONTENT OF SOME INDIAN 
FISH-LR^E OILS 
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[Received for pubbcation, July 8, 1940 ] 


Several investigations on the ntaTtun A content of the hver oils of Indian 
marine and fresh-^vater fish have already been reported [Chakravorty, Mookerji 
and Guha, 1933 , Datta and Bauneijee, 1934 , Ghosh and Guha, 1936 , De (N K ), 
1935a, 1937 , De (N K ), Jlajumdar and Simdararajan, 1938 , Basu and De (H N ), 
1938 , Seshau, 1940 , Basu, Sircar and Gupta, 1940]^ In the present paper the 
results of the spectrophotometric assay of 36 samples of marme fish-liver oil are 
reported The method followed was that ongmaUv described by De (N K ) (19366 
1937) Nearly aU the samples were sent to the laboratories by the Director of 
Fisheries, Government of Madras All a ere obtamed on the South-West Coast 
The oil was extracted bv boihng the hvers in an open copper vessel with a 1mm" 
of tm After extraction, the oil was washed with hot water and subsequently 
filtered The results are given in the Table 

Approximate figures for the content of the samples m International Umts 
obtamed by multiplying by 2 6 and rounding off the values to the nearest 
hundred, are given m column 2 

As the Table clearly shows, the hver oil of the shark, and of the related saw-fish 
13 a nch source of vitamm A. The samples of shark-hver oil showed considerable 
vanation m potency, but only one, a sample of somewhat uncertain ongm, had a 
iitamin A content below that of good cod-hver od, which is m the neighbourhood of 
1,000 International Umts per gramme The average value given by the 25 samples 
of shark-hver oil y as about 10,000 International Umts per gramme and that of 
the saw-fish samples about 12,000 
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VaTiation in vitamin A content is no doubt due to several factors species, sex, 
feeding habits, season, tlie method of collection and preparation, etc The hammer- 
head sharlcs appear to supply tlie richest oils, but a larger number of samples 
would have to be investigated to establish this point 


Taulk 

Vilnimn A conteixl of fish-hver oih 


1 

Yitamm A, 
micrograms 
per pmmme 

Vitamin A, 
International 
Units per 
gramme 
(approx ) 

(n) Sharli (1) Ilnminnhcnda (Splnrna ) — 




1 

12,660 

32,900 


2 

9,140 

23,800 

1 

1 

3 

7,380 

10,200 


4 

7,320 

19,000 

Sample No. -< 

G 

6,620 

14,600 


G 

3,610 

1 

9,100 


7 

3,610 

9,100 


1 8 

3,170 

8,200 

(2) Man-eating sharls (Galeocerdo tignmiB) — 

1 



r 1 

6,400 

1 

14,000 


2 

630 

1,600 

Sample No - 

1 

620 

1,400 ' 


i 4 

360 

‘ 

* 900 

1 
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Vitamm A, 



Vitamm A, 

International 



micrograms 

Umts per 



per gramme 

gramme 
(approx ) 

1 

1 

(3) CommoJi eharl (CarcharmiLs) — 


1 

1 

f 1 (Oarchannus gangeticus) 

10,100 

26,300 


2 {Oarchannus temmincht) 

9000 

23,400 


3 * Large shark ’ (Oarchannus gangeitcus) 

3,760 

9,800 


4 

3,160 

8,200 


6 (Oarchannus mdanoplerus) 

3,160 

8,200 


6 ( ., ) 

1 3,000 

7,800 

Sample No 

7 ( „ „ ) 

1,980 

6,100 


8 

1,800 

4 700 


8 (Stearme separated from this oil) 

990 

2,600 


9 

980 

2,600 


10 

880 

2,300 


11 

60 

200 


1. 12 (Oarchannus mdanoplerus) 

Trace 


(6) Sawfish (Pnstis) — 




r 1 

9,930 

25,800 


o 

3 940 

10,200 

Sample No • 

3 

3,060 

8,000 


4 

1 870 

4,900 

(c) Rays — 

■ 1 

250 

700 

Sample No ■ 

2 

260 

700 


3 

210 

600 


■ ^ 

140 

400 

(<f) Plough fiish (Rhvncobatns dieddensis) 

400 

1,000 

(f) HiJsa (Hilflha ibsha) 

1 
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The essential point is that aliark- and saw-fish-liver oil is in general a most 
potent source of ntamm A Liver oil collected in bulk from these fish, without 
regard to species, would be of great value in the treatment of vitanun A 
deficiency, which is extremely common in India This is a question which Las 
assumed considerable importance since the outbreak of war Cod-hver oil has 
hitherto been generally used in India for the treatment of keratomalacia and 
other forms of vitamin A deficiency and has also been widely employed for 
improving the condition of malnourished children It is obvious that cod-hver 
oil will not be obtainable from Europe as long as the nar lasts An opportumty 
IS thereby provided for developing an indigenous industry for the production 
of fish-liver oils rich in ^^tamln A 


SUMJUBY 


1 The vitamin A content of 25 samples of shark-liver oil, and i samples of 
saw-fish-hver oil, has been detcimined The average content nas found to be 
about 10,000 and 12,000 International Units per gramme respectively 

2 The value of these oils as a substitute for cod-hver oil as a source of vitamin 
A IS emphasized 
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BY 
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[Received for pubbcation, September 25, 1940 ] 

This paper records the results of diet sun eys in urban and rural areas in the 
Central Provinces, earned out during the months of November 1939 to Apnl 1940 
The followmg groups were mvestigated — 

(1) Nagpur — 22 families employed in cotton nulls 
(21 Tnodi — ^29 famihes employed m a manganese nune 
(3) TFarud (a village some 20 miles from Nagpur) — 20 famihes belongmg 
to the poor cultivator class 

An attempt was also made to assess the nutntional state of children m these 
places, some 5,000 children having been exanrmed 

Nagpur — The sunmy was earned out over a penod of 15 days m December 
The fanuhes belonged to the poorer classes of mdustnal workers, with monthly 
mcomes ranging from Rs 10 to Es 32 per family, with an average of Es 18-8-0 
The average number of persons per family was 6 5 Intake of vanous foods per 
consumption umt (c u ) per day and the chenucal composition of this average diet 
ate shown m Table I — 

Table I 


Diet oj vnll-hands in Nagpur 


Food 

Oz per c u 
daily 

Chemical composition 

Per c u 
daily 

Rice (raw, under milled) 

106 

Total protem 

00 g 

Wheat 

2 6 

Animal , 

3 g 

Pu]je'< 

• 

2 1 

Total fat 

2a g 

Leafy vegetables | 

09 

Animal „ 

" g 
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Diet Surveys in the Central Provinces and Berar. 

Table I — concU 


Food 

0^ nor c u 
daip 

Non-leafy \egetablo8 ; 

32 

Frtut 1 

None 

Ghee 

0 14 

Vegetable oil 1 

0 61 

^Llk and buttermilk 1 

1 

0 86 

Meat, fish and eggs 

0 27 

Sugor and jaggery 

None 


I 


Chemical composition 

Per c u 
daily 

1 

Carbohydrate 

472 g 

Calones 

2,400 

Percentage of calones from 
cereals 

76 

Calcium 

03g 

Phosphorus 

13g 

Vitamin A (International Umts) 

1,100 


The results of this survey confirm the findings of Aykroyd, Knshnan, Passmore 
and Sundararajan (1940) that the diet of the poor nce-eater is very much the same 
all over India The composition of the diet consumed by the mill-hands in ques- 
tion closely resembles ‘ the cheap Madrassi diet ’ which has been used m numerous 
ammal experiments in the Coonoor Laboratories It is deficient in animal pro- 
tein, ammal fat, calcium, vitamin A and in certain constituents of the vitamin B 2 
complex. If the standard of adequate calorie intake is set at 2,600 daily, 13 out 
of 22 famihes were underfed A similar analysis in the case of calcium showed that 
intake exceeded 0 4 g daily in only 3 families Sherman’s standard of adequate 
calcium intake is 0 68 g If highly-nulled raw rice replaced under-milled raw nee, 
the diet would become a benben-producing one 

Tirodi — The surve)^ lasted 18 days and was carried out m March The average 
monthly income of the 29 families was estimated to be Rs 16 The number of 
persons per family in this group was only 2 7, as compared with 6 6 in the Nagpur 
families Average monthly income per consumption umt was PtS 7-2-0 and 
Rs 4-8-0 respectively The difference in the number of persons per family m the 
two groups is of some social mterest The Nagpur workers, hving in a large city, 
had to maintam numerous related dependants and in many cases there was only 
one wage earner per family The industrial workers m Tirodi, on the other hand, 
having migrated from their ongmal homes in search of employment, were much 
freer of dependants, and m many farmhes both husband and wife were working 
While total income per family was smaller in tlie Tirodi group, per capita income 
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was larger, aud this was reflected in the fact that this gronp consumed more nee 
than the Xagpur miU-hand famihes 


Tabia II 

Diet of industrial workers tn Tirodi 


Food 

1 Oz per c n 

1 dailv 

1 

Chemical composition 

Per c u 
dailv 

Rice (homo pounded, parboded) 

i 

215 

Total protein 

78 g 

Wheat 

1 0 

Animal „ 

2 7 g 

Pulses 

25 

Total fat 

28 Ig 

Leafy vegetables 

0 5 

Animal „ 

28g 

I\on leafy vegetables 

48 

Carbohydrate 

681 g 

Fnut 

Xone 

Calories 

2,900 g 

Ghee 

03 

Percentage of calories from 
cereals 

78 

Vegetable od 

06 

Calcium 

0 39g 

Jldk. and bnttennilb 

Keghgjble 

Phosphorus 

1 6 g 

ileat, fish and eggs 

0 5 

Vitamin A (International Umts) 

1,400 

Sugar and jaggery 

None 

i 



This agam is a typical ‘ poor nce-eater’s diet ’ It difiers from the diet shown 
m Table I mainly in its greater content of nee and higher calone yield. Only 6 
farruhes (20 per cent) had a calone mtake below 2,600 Qnahtatively the diet 
shows much the same defects as the Nagpur diet In 17 famihes (59 per cent) 
intake of calcium was less than 0 4 g per c u daily 

Wanid — ^This is a viUage containing some 600 famihes, situated 31^ nules from 
the mam road. The 20 famihes surveyed aU belonged to the poor cultivating 
class and were typical of the vast majonty of families hvmg m the village The 
survev was earned out for 16 days m January and February It is of mterest m 
that the staple food of the villagers is millet (cholam. Sorghum vulgare) Only one 


I 


J-\ TT 
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other survey m a millet-eating area has hitherto been earned out in India— m a 
ragi-gi owing district in Closcpet, Mysore (Aylcroyd, 1940) 

The average number of persons per family was 5 35 No attempt was made 
to estimate income 

The diet and its chemical composition are shown in Table III — 


Table III 


Dirt of cullivatois tn Wantd 


Foot! 

- 1 

Oz per c u 
(Inih 

Chemical composition 

Per c u 
daily 

Cholam 

1 

ICO 

Total protein 

68 g 

Whpat 

1 6 

4nininl „ 

llg 

Bioe 

1 

1 

0 1 

Total fat 

20 Og 

Pulses 

20 

Animal „ 

ISg 

Ijoafy vegetables 

^ Neghgiblo 

1 

Carbohydrate ' 

1 

420 g 

Non leafy vegetables 

1 

1 46 

1 

Calories 

2,100 

Fruit 

i 

None 

Percentage of calorics from 
cereals 

82 

Ghee 

None 

Calcium 

0 43 g 

1 

Vegetable oils 

1 

0 31 

Phosphorus 

1 

188g 

Milk and buttermilk 

1 8 

Vitamin A (International Umls) 

1,000 

Sugar and jaggery 

1 Negligible 

1 

1 

1 



In composition this diet closely resembles the poor nce-eater’s diet^ except 
that cholam replaces nee Cholam has a higher protein and calcium content 
than nee and intake of these factors was higher than in the case of the nce'catmg 
erroups in spite of the low calorie yield of the diet All but 3 famihes were under- 
fed on the 2,600 calorie standard Apart from total protein and calcium conten 
the diet shows much the same qualitative defects as the poor rice-eater s diet 
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Examination oj children — Height and weight records were obtained of 4,690 
children (4,185 boys and 505 girls) in Hagpiir These were mostly children of 
the poorer classes attending schools in the null area Averages are shovn m 
Table jy — 


Table IV 


Aierage height and weight of children in Nagpur 


Age 

Js'nmber 
of bo vs 

Number 
of girls 

Average height 
( nrcHES) 

Average weight 
(LB ) 

Bov8 

Girls 

Bovs 

Girls 

6 

1 

22 

j 

42 3 


38 0 


6 

320 

24 

42 6 

44 8 

36 6 

38 9 

7 

792 

96 

450 

44 7 

36 4 

43 7 

8 

796 

108 

46 6 

46 7 

424 

46 6 

9 

762 

96 

46 7 

1 

488 

468 

49 8 

10 

679 

91 

60 2 

1 

60 0 

49 7 

66 8 

11 

390 

36 

62 0 

62 0 

642 

69 7 

12 

284 

19 

53 4 

66 3 

66 3 

70 0 

13 

169 

12 

64 9 

68 0 

639 

76 5 

14 

1 

j 80 


67 1 


74 9 


16 

1 38 

1 

i 


69 7 


80 7 



Height and weight averages were approximately similar to those of children 
of the poorer classes m other nce-eating areas of India, snggestmg that the growth 
rate of children between the ages of 5 and 16 may be largely determined by diet 
and that differences m race have relatively httle influence on phi'^sical development 
in these age groups 

Deficiency diseases — The mcidence of phrynoderma, xerophthalmia and 
stomatitis provides a useful index of the state of nutrition of children (Aykroyd 
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and Rajagopal, 1936) Of 4,186 children examined m Nagpnr, 676 (16 per cent) 
showed one or more of these conditions In Tirodi, only 149 boys ^ve^e examined , 
46 per cent were found to be snffenng from deficiency diseases The higher 
incidence in tlie Tirodi group is difficult to explain Possibly it is due to the fact 
that the large numbers examined in Nagpur included a larger proportion of children 
belonging to famihes of a better economic status than that of the 22 fanuhes 
surveyed The important point, however, is that the exammations revealed a 
very high incidence of deficiency disease in both groups In "Warud and surround- 
ing villages, 27 per cent of 107 children were found to be sufEenng from deficienc} 
disease It is of interest to record that in the Nagpur group (boys) 84 per cent 
consumed no milk, while in the AVarud group the percentage was 93 

Tiventy to tw enty-five per cent of all tlie children cxammed had one or more 
teeth showing gross caries Altogether the picture obtained was that of a wretched 
state of nutrition among children in the Central Provinces It is noteworthy that 
this province has the highest death rate in British India 

Summary 

1 Diet surve 3 's have been carried out on fanuhes of mdustnal workers in 
Nagpur and Tirodi, Central Pro\'inces, and in fanuhes in Waind village, Central 
Provinces 

2 The diet of industrial w orkers was a typical ‘ poor rice-eater’s diet ’ defi- 
cient in many respects The \nllage diet was based on cholani {Sorghum vulgare) 
but otherwise sinular in composition to the diets of the urban ivorkers 

3 A high incidence of deficiency diseases v as observed among childien in 
these places 
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Although diet surveys yield valuable information about the adequacy of 
diets m particular areas, such surveys are always open to a certam amount of error 
It IS not always possible to make correct allowances for the portions of foodstuffs 
not actually eaten and there is some uncertainty with regard to accuracy of the 
scales of family coefficients used for determining mtake per consumption unit In 
India it has been assumed that adult requirements of proteins and min erals aie 
the same as those of people m Europe and America ITiat this assumption appears 
to be justified has been shoun by the recent mvestigations of Basu and Basak 
(1939) and of Basu, Basak and Eai Sircar (1939) m this laboratory 

In the present mvestigation we have studied the adequacy of some typical 
Indian diets with regard to protem, calcium and phosphorus by direct metabolic 
expenments on a number of mdmduals The experimental subjects had to lead 
very disciphned fives, takmg a uniform and weighed diet, which they consumed 
in toto, for a number of days The analysis of the foodstuffs taken and of the 
unne and fseces revealed whether they were m positive or negative balance with 
regard to a particular element 

Experiments with mtrogen-free diets ha\ e also been performed to detenrune 
the endogenous mtrogen metabolism of Indians 

( 106 ) 
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Experimental 

Tlie selection of diets ivhicli iniglit be claimed as representative is difficult in 
a subcontinent like India 'svbere dietar> habits and available foodstiiSs are so 
different in different areas Three ‘ typical ’ cbets were chosen (1) a non- 
vegetarian rice diet containing fish, pulse and vegetables resembhng that commonly 
taken by the people of Bengal and Assam and certain parts of the Deccan , (2) a 
vegetarian rice diet contaimng pulse and vegetables as consumed m Orissa, Madras, 
Mj'sore and other parts of Southern India and (3) a vegetarian diet based on whole 
wheat (atta) contaimng pulse and vegetables as eaten by the people of the U P , 
the Puiijali and other parts of "Western and Central India The composition of 
the diets is shown in Table I The diets were adequate in calorie content 

Experiments w ere conducted on five healthy human adults ECUS, 
OCN,SND,UCS and PCD Their ages varied between 19 
and 28 years 

The expenmcntal procedure was the same as that reported in two previous 
commumcations (Basu et al , loc cit ) The expenmental diets were taken for 
6 or 9 days and immediately after this period 10 oz of cow’s mdk was added 
The milk supplement was contmued for 6 days The analytical methods for 
the estimation of nitrogen, calcium and phosphorus were the same as employed 
in the prenous investigations 

With a particular diet, the period of first 3 days was considered to be 
prehminary and the urine and faeces of each subsequent period of 3 days were 
collected and analysed and the mean of the daily analytical figures is presented 

Eesults 

The ehnunation of mtrogen bn a protein-free diet is shown in Table II The 
intake and output of nitrogen, calcium and phosphorus on typical diets are given m 
Tables III and IV The biological value and digestibihty of the mixed protems of 
the diets are shown in Table V 


Table I 

Composition of the diets 


Foodstuffs 

(1) 

Rice fish 
diet (g ) 

(2) 

Vegetanan 
rice diet (g ) 

(3) 

Whole -wheat 
diet (g ) 

Bice 

660-000 

i 600 ! 

1 1 


Whole ■wheat (atta) 



600-650 

Pulso 

1 

00 

100 

70-90 
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Foodstuffs 

I 

Rice fish 

1 diet (g ) 

(2) 

Vegetarian 
nce diet (g ) 

(3) 

Whole Tvheat 
diet (g ) 

Fish 

70 



Vegetables j 

200 

200 

200 

Sugar 



60 

Mustard oil 

30 

30 


1 

Ghee 

i 

1 

1 

30 


(4) 

Nitrogen free diet (g ) 


Sago 


Sugar 


650 to 600 

200 


Table n 

Experiment vnth mtrogen-free diet. 


Experimental 

subject 

TJnne 
volume 
(0 0 ) 

1 

Urinary 
mtrogen 
per day 
(g) ' 

Fiecal iveight 
(dry) per day 
(g) 

Fiecal 
mtrogen 
per day 
(g ) 

Total 
mtrogen 
output per 
day (g ) 

PCD 

1 

G C N 

1,190 

2,320 

1 850 

2 221 

23 1 

22 7 

1 030 

1 049 

1 

2 880 

3 270 

i 
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EX^ERIME^TAL 

TJie selection of diets which might be claimed as representative is difiicult id 
a subcontinent like India vliere dietary liabits and available foodstuffs are so 
different in different areas Three ‘ typical ’ cbets were chosen (1) a non- 
vegetorian rice diet containing fish, pulse and vegetables reserabhng that commonly 
taken by the people of Bengal and Assam and certain parts of the Deccan , (2) a 
vegetarian nee diet contaimng pulse and vegetables ns consmned in Orissa, Madras, 
M}'Sore and other parts of Southern India and (3) a vegetarian diet based on whole 
vheat (atta) contaimng pulse and vegetables as eaten by the people of theU P, 
the Punjab and other jiarts of Western and Central India The composition of 
the diets is shovn in Table I The diets were adequate in calone content 

Experiments ■« ere conducted on fiAm healthy human adults ECUS, 
G C N , S N D , U C S and PCD Their ages vaned between 19 
and 28 years 

The experimental procedure was the same as that reported in two previous 
commumcations (Basu et al , loc cit ) The experimental diets were taken for 
6 or 0 days and immediately after this penod 10 oz of cow’s milk was added 
The nulk supplement was continued for 6 days The analytical methods for 
the estimation of nitrogen, calcium and phosphorus were the same as employed 
in the prevnoua investigations 

With a particular diet, the period of first 3 days was considered to be 
prehminary and the urine and feeces of each subsequent period of 3 days were 
collected and analysed and the mean of the daily analytical figures is presented 

Results 

The ehnunation of mtrogen 6n a protein-free diet is showm in Table II The 
intake and output of nitrogen, calcium and phosphorus on tjqucal diets are given m 
Tables III and IV The biological value and digestibibty of the mixed proteins of 
the diets are shown in Table V 


Table I 


Composition of the diets 


Foodstuffs 

Rioo fish 
dxot (g ) 

(2) 

Vegetanan 
nco diet (g ) 

(3), 

Whole wheat 
diet (g ) 

Rice j 

660-000 

000 

1 


Whole ulieat (atta) 

1 


600-650 

Pulse 

1 

00 

100 

70-90 
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Discussion 

Protein 

The minimum nitrogen expenditure — By this is meant the mimmum amount 
of total nitrogen ex.creted in the urine and feeces by normal adults hvmg on 
a protein-free diet of adequate calorie content Tlie elimination of nitrogen in 
the urine and fmces together under such conditions was 2 9 g m the case of P C D 
and 3 3 g in the case ofGCNorOGlg and 0 G6 g per kilo of body-weight 
respectively Hence the smallest amount of protein theoretically necessary to 
make good endogenous losses was 18 0 g in the case of P C D and 20 4 g m the 
case of G C N with a mean value of 19 2 g per man value, or 26 g per adult 
of 70 kilo of body-weight This value is exactly the same as that estimated 
from the results of the previous experiments (Basu and Basak, loc cit) 

Protein nutrition on typical diets — The protein content of the diets vaned 
between 76 g in the case of the rice-fish diet and 82 g m the case of the vegetanan 
whole-wheat (atta) diet, while that of one rice-fish diet (Table HI) containmg 
highly polished rice was only 63 g The addition of milk (10 oz) to those diets 
increased protein content by about 8 g 

Not only were the subjects in positive mtrogen balance in all the experiments 
but they retained considerable amounts of protein m tbeir bodies The average 
retention of protein on the rice-fish diet (contaimng 76 g protein) was about 13 g 
On both the whole-wheat (atta) and vegetarian rice diets wnth a protem intake of 
78 g to 82 g the average retention of protein was about 22 g The addition of 
10 oz cow’s milk, which increased the protem contents of the diets from 86 g to 90 g 
augmented the protein retention of the subjects by about 5 g and, consequently, 
tbe total protem gained by the subjects on the milk-contammg diets was 18 g 
to 27 g 

Although the mimmum protem requirements of luiman adults for mamtenance 
have been detemimed, nevertheless human requirements for the maintenance of 
perfect health and activity have not yet been defined intb any degree of accuracy 
For practical purposes the mimmum protein requirement for maintenance together 
with an extra allowance of 60 per cent may tentatively be accepted as a safe figure 
From the results of laboratory researches and dietary surveys, Sherman (1920a) 
calculated the immmum proteiu requirement for mamtenance to be 44 4 g and, 
adding an extra 60 per cent to this value, set tbe standard at 66 6 g Sherman 
recommended a standaul allowance of 1 q oj protean per kih of bodynveight 
per day and lie claimed that such an allowance will provide a margin of safet-^ of 
50 to 100 per cent as far as adult requirements are concerned The Techmcal 
Commission of the Health Committee of the League of Nations (1936) recommended 
the same amount of protein, namely, 1 g protein per hilo of hody-ioeight for an adult, 
although it recommended 105 g of protein for pregnant and nursmg mothers 
Stiebebng (1933) compiled a set of standards based on the relative requirements 
of children, adolescents and adults, male and female, m which the average 
requirement per head of the population was calculated to be 68 g Orr (^37) 
accepted the Stiebeling standard in his survey of diet in the British Isles Basu 
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and Basak (loo cit ) determined the mimmiim mamtenance protem requirement 
of Indian adult as 46 4r g per 70 kilo of body-weight If a 50 per cent margm of 
safet)' IS allowed for, the protem requirement of an adult weighmg 70 kdo wiU be 
69 6 g The latter value is, therefore, very similar to that put forward by both 
Sherman (1920(i) and Stiebebng (loc cit ) If our present results are compared 
with these standards it is clear that the diets, even without milk, are qmte 
adequate m protem content and can satisfy aU the accepted standards except that 
of the Bntish Aledical Association (1933) which is generally regarded as too high 
On the addition of milk the protem content of the diets surpassed all the accepted 
standards and approached even that of the Bntish Medical Association Typical 
Indian dietanes are, therefore, adequate m protem content and permit satisfactory 
utilization of prot-em, although the'^ do not, m general, contam much protem of 
animal ongm The contention of McCay (1912) and of Wdson that ‘ the protem 
element m nutation m India may ultimately prove to be the most miportant and 
it wdl certamlv be the most difficult to remedy ’ (Wilson, Ahmad and Mulhck, 
1936) and ‘ the mam deficiency is one of protem primarily ’ (Wilson, Ahmad and 
ilitra, 1937) cmimot be sustamed provided the diets contam sufficient amoimts of 
pulse and/or of fish Actually one of the most important deficiencies of Indian 
(bets IS not of protem but of calcium — a deficiency which is as senous as it is difficult 
to remedy m new of economic and other considerations 

Biological value and digestibility of the viired proteini of mixed diets — ^Although 
the detemunatiou of the biological value and digestibihty of the proteins of 
individual foodstuffs is a valuable guide m their selection m the daily menu, 
nevertheless, knowledge of the correspondmg values of the mixed protems of 
actual dietaries is more uuportant 

Basu and Basak (loc cU ) found the biological values and digestibihties of the 
proteins of nee diets to be 76 and 62 respectivel}” at a protem level of 40 g and 
those of wheat diets to be 66 5 and 78, at a protem intake of 62 g This showed 
that the protems m nee cbets were more effectively utihzed but were less digestible 
than those of wheat diets In this mvestigation the correspondmg values for 
the mixed protems of nee diet were found to be 60 and 80 at the much higher 
level of protem intake of 73 g , while those for protems of wheat diet were 69 and 
89 5 respectively at a level of protem mtake of 93 g Thus, the biological values 
of mixed protems of both nee and wheat diets were found to be very nearly 
similar Although the biological value of the protems of nee and wheat diets 
somewhat decreased as might be expected, at the higher levels of protem mtake, 
the digestibility coefficient mcreased considerably, the mcrease bemg 18 per cent 
m case of the nee diets and 116 per cent m the case of wheat diets Increase 
m the level of mtake thus appears to improve the digestibihtv of the protems in 
nuxed diets 


Calcium 

Calcium requirement — The mamtenance requirement of calcium or phosphorus 
for adults is generally estimated from the total amount of the element m question 
excreted by the subjects when just m balance, and standards for purposes of 
Ji Mr 8 
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practical nutrition are based on the maintenance requirement [i e the mumnum 
requirements for the maintenance of a positive balance in laborator}' studies 
(OiT, loo cii )], plus a 50 per cent allowance for the additional requirements of 
everyday life and the maintenance of health and actnuty In extensive studies in- 
cluding 97 experiments, >Sherinan (1920f>) found daily calcium outputs which ranged 
from 0 27 g to 0 82 g mth an average imlue of 0 dS g per 70 lalo of body-weight 
Alloiving for a 60 per cent safety margin, the dietaiy standard became 0 68 g 
Stiebclmg (loc cit ), howevei, set the standard at 0 90 g representing the average 
requirement of a family induing children, adolescents and adults, male and female 
On the other hand, Leitch (1937), apphung another metliod of calculation to about 
400 balance experiments on non-pregnant non-lactating women, determmed the 
maintenance requirement to be 0 55 g daily per woman value (not per 70 bio of 
body-weight), while Given (1939) m his studies of the calcium requirement of older 
subjects, who are more prone to senile osteoporosis supposed to be caused mainly by 
long-standing calcium deficiency, determmed the requirement value of older males as 
0 52 g Basu el al {loc at ) calculated the maintenance calcium requirement to be 
0 388 g pel 70 bio of bodj^-w eight This was based on metabohc experiments on 
only three subjects, the content of calcium m the diet was small and msufficient, and 
the calcium metabohsm of one of the subjects (G C N ) was found to be abnormally 
low The present mvestigations (nnZe tables) are based on a large number of 
expenmental subjects living on diets of higher calcium content and allowance has 
been made for tlie fact that calcium requirements ‘ show no correlation with weight ’ 
(Leitch, he ett ) and that ‘ the calcium requirements of older males are much tlie 
same as those of the younger adults ’ (Owen, loc oil ) The conversion of the calcium 
requirement into terms of leqiurements per 70 bio of body-weight is not, therefore, 
justified In Table VI the values obtained for the calcium requirement of the 
different experimental subjects liave been collected together 

From the table it would appear that the maintenance calcium require- 
ment IS 0 432 g pel man value Accepting this value and addmg a 50 per cent 
aUowance it is found that 0 648 g calcium per day is the lequirement of an adult 
for mamtaimng health and activity 

Calciwn metabohsm cm typical dietaries and the efect of a mill, supplement — 
The calcium contents of the rice-fish diets were found to be 193 mg to 280 mg with 
a mean value of 236 mg and that of tlie vegetanan rice diet was 200 mg , whereas 
the vegetanan atta diets contained about 300 mg calcium on an average If the 
calcium contents of these diets are compared with the human calcium requirement 
as discussed above, it will be clear that these dietanes are deficient in caloiiim content 
and fail to meet even the bare maintenance requirement 

In almost all experiments with the nee and the nce-fish diets, the subjects 
were in negative calcium balance and often the total calcium outputs were such 
as to exceed the intake by about 192 mg (as m subjects U C S and PCD) 
The addition of 10 oz of cow’s milk increased the calcium intakes of these two 
subjects to 678 mg and 636 mg respectively , at these levels of intalce one subject 
just maintained balance, while the other retained 69 mg of calcium Although 
both G C (with an abnormally low calcium requirement) and B 0 R S were 
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approaching balance on nee diets alone, and retained fair amounts of calcium 
ivhen milk was added to such diets, nevertheless it was striking that the deficit 
calcium budget of the subject S N D could not be balanced even on the addition 
of 10 oz milk. 


Table VI 


The calcium requirement oj Indians 


1 

1 

Expenment*] 

f 

1 

1 

Body 1 

rveight 
(kilo ) ' 

1 

1 

t 

1 

Number 
of expen 
ments 

1 

CaLOIUM KEQDTBESrENT 
roE iiAumafAisOE 

Mnaaruii calcium 

EEQUIBEMENT FOB 

JUST MATKTTvN'AJNCrE 

subjects 1 

Per man 1 Per 70 kilo of 
value 1 body ■weight 

(g ) 1 (g ) 

J 

1 Per man 

value 

(g) 

Per 70 kilo of 
body Tveigbt 
(g) 

G C X 

49 

(19 years) 

23 ! 

1 

0 174 

1 

0248 

0 168 

0 226 

B C R S 

64 

(22 years) 

7 

1 

0 423 1 

1 

0 648 

0 232 

0 301 

S D 

49 1 

(24 years) 1 

7 j 

0 407 

1 

0 681 

0 407 

0 681 

Q C N 

50 1 

(20 years) 

10 j 

0 322 

0 461 

0 234 

0 327 

U C S 

47 1 

(28 vests) 1 

7 

0 426 

0 634 

0 338 

0 503 

S X D 

49 1 

^ (26 years) ] 

3 

0 667 

0 810 

0 361 

0 616 

PCD 

! 45 

(22 years) 

3 

i 

0 461 

0 701 

0 386 

0 599 

Average for 
last SIX sub 
jects 

j 

36 

1 

0 432 

0 621 

0 326 

0 471 

Average for all 
subjects 


i 

0 396 

0 668 

0 302 

0 436 


Similarly, on vegetanan atta diets contammg 302 mg calcium, U C S hved 
in negative calcium balance, although the deficit was small and not so striking as 
m the experiments with nee diets In calcium content wheat diets are better 
than nee diets either vegetanan or non-vegetanan The addition of 10 oz rmll- 
increased the total calcium content of the diet to 676 mg , and resulted 
simultaneously m a favourable retention of 269 mg G C bT was almost m balance 
on the atta diet and retamed 279 mg calcium when nulk was added 
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Studies in Human Nutrition 


Aykroyd and Knslman (1937) came to similar conclusions as a result of tlieir 
groTrtli exTieriments mtli rats Yoimg rats on a pool nee diet showed very poor 
growth Almost normal groniih was obtained when a supplement of caiwum 
lactate or skimmed milk powder was added but not on the addition of casern The 
same workers (1938) showed that the growth rate of nursery school children 
bving on a nee diet could be enhanced by the regular administration of calcmm 
lactate 

The two most important points that emerge from our investigations are that 
(1) Indian dietanes (without nulk) do not satisfv calcimn requirements and (2) that 
nullc IS of great value in making good this deficiency The amount of milk (10 oz ) 
used in the experiments covered the maintenance requirements of calcium but did 
not always piovide a 50 per cent margin of safety 

Even this small amount of milJr, however, is beyond the means of most of the 
Indians of the poorei classes In ordei to ensure an adequate intake of calcium 
by milhons of poor Indians it is essential to find out some very cheap and at the 
same time rich sources of nutritionally available food calcium The availabihty 
of vegetable calcium as also that of calcium from other sources is now under in- 
vestigation m this laboratory 


Phosphorus 

In a previous investigation (Basil et al , loc cit) the human phosphorus 
requirement was found to be 1 001 g per 70 kilo of body-weight, a figure m 
concordance with the estimates of Sherman (1920c) (0 88 g ) and Owen {he at ) 
(1 20 g ) The dietaries used m the present experiment contained from 1,334 mg 
to 1,875 mg phosphorus with an average of 1,623 mg They provided not only 
the maintenance phosphorus requirement but also a 60 per cent margin of safety 
The mean phosphorus content of the diets supplemented by 10 oz of milk was 
1,916 mg , allowing a 100 per cent margin of safety All the subjects were m 
positive phosphorus balance and on an average retained 397 mg On the addition 
of milk, there was a greater letention of phosphorus, namely 607 mg So far as 
the phosphorus content is concerned, Indian dietanes are perfectly adequate and 
satisfactory 

Summary 

1. Nitrogen, calcium and phosphorus metabohsm expermients have been 
performed on human subjects consuimng typical Ineban diets 

2 The mimmum mtrogen expenditure of two human subjects, fed on a 
protein-free diet of adequate energy value, ■was IB 0 g and 20 4 g wth a mean 
value of 19 0 g per man value or 26 g per adult of 70 kilo of body-weight 

3 The protein contents of a rice and fish and a vegetanan whole-wheat (atta) 
diet varied between 76 g and 82 g and on these diets the subjects were in positive 
mtrogen balance and retamed considerable amounts of protein 

4 The biological values and digestibibties of the proteins of mixed rice and 
of mixed wheat diets were 60, 80 (nee), and 59 and 89 5 (wheat), respectively 
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5 From the average of 36 metabolism experiments condacted on five experi- 
mental subjects at drSerent tunes, the mamtenance calcium requirement was 
calculated to be 0 432 g per man per day 

6 The calcium content of typical diets and the capacity of these diets to 
supply the calcium requirements of subjects have been detCTmmed The diets 
were too low m calcium, the rice-fish diet containing on average 234 mg and 
the wheat diet about 300 mg of calcium On these diets tlie experimental subjects 
uere almost always m negative calcium balance One oj tlie greatest defects of 
typical Indian dietaries is insufficiency of cahium 

7 The addition of 10 oz of cow’s milk per day increased the calcium content 
of the diets (536 mg to 676 mg ) and improved the calcium retention of the subjects 
considerably 

8 Indian dietaries were found to be adequate with regard to their phosphorus 
content 
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This investigation was earned out to determine the role of nutntion, and 
particularly that played by vitannn A deficiency, m relation to preientable eye 
diseases and bhndness in Bengal 

Bose (1939) had previously mvestigated the vitainin A level in school and 
college students m Bengal Takmg a dial readmg of 70 and above on Jean’s bio- 
photometer as an mdication of normal vitanun A content of the system a normal 
level vas found m 61 out of 65 exammed Similar observations on jail prisoners 
were undertaken m collaboration with Sanbaran (1938) Of 600 prisoners esanuned 
oOO belonged to the lower division and 100 to the higher division The mam 
difference was that a better class diet was given to the latter group Of the lower 
division group 43 per cent showed a high degree of vitamm A deficiency and m the 

( 119 ) 
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liiglier division group tlie figure is^as 17 per cent If dryness of the conjunctiva 
and Bitot’s spots were taken as an index of vitamin A deficiency only 16 8 per 
cent of the Ion er class and 15 per cent of the higher class could have been diagnosed 
climcally 

For the purpose of study of the r6le of vitamin A deficiency in relation to eye 
diseases the ocular mamfestations of \ntamin A deficiency have been classified as 
follons — 

Gnoup I — ^Hemeralopia vrithout change in the fundus, cornea, etc 

Group II — ^Loss of lustre and presence of pigmentation in the conjunctiva 
Wnnkhng of the bulbar conjunctna with xerosis and Bitot’s spots 

Group III — ^Dinumshed sensibility of the cornea with or without any other 
manifestations in the conjunctiva 

Group Ilk — Keratomalacia proper nithout breaking of the cornea (loss of 
lustre and infiltration of the deeper layer of the cornea) 

Group V — ^Keratomalacia n ith brealong down of the cornea (corneal 
ulcer) 

Group — Phthisis bulbi or anterior staphyloma (absence of infection), 

or panophthalmitis (presence of infection) 

Observations on patients at the Eye Infirmary, Medical College, 

Calcutta 

Out of 14,698 patients exammed between 4th March and 26th June, 1940, 
410 (2 85 per cent) have shown ocular conditions which can be attnbuted to 
vitamin A deficiency 

Group I 41 cases Group IV 28 cases 

» II 298 „ „ V 19 „ 

„ III 23 „ „ VI 10 

The age incidence of cases was investigated as previous observers in Bengal 
had found that the commonest cause of bhndness in children below the age of 
6 years was keratomalacia The condition had been found to be rare in adult 
Bengalees 


The following was the incidence of cases observed — ■ 


Up to 5 years 

61 

cases, keratomalacia 

Per cent 
41 (71 92) 

6 to 10 „ 

34 


6 (10 52) 

11 to 15 „ 

31 


1 (176) 

16 to 20 

70 


3 (5 24) 

21 and upwards 

223 


6 (10 62) 


(One due to obstructive jaundice of long duration, 6 due to poor diet and 
unhygiemc condition of which 3 were non-Bengalees ) 
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In tlie course of the investigations it vr&s ascertained that diarrhoea, cohtis, 
jaundice or phivnodemia had preceded the ocular affections, the incidence being 
as folloire diarrhoea, 26 cases , cohtis, 3 cases , jaundice, 6 cases , phrynodemia, 
6 cases 

The presence of Bitot’s spots or pigmentation of the conjunctiva have been 
considered to be possible mdications of mtamm A deficiency This pomt was 
investigated with the results shown m Tables I and 11 Out of 99 cases inth 
pigmentation of the bulbar conjunctiva examined by the biophotometer 71 cases 
(71 7 per cent) showed normal vitanun A content Of 17 cases shovung both 
pigmentation and Bitot’s spots 15 (88 2 per cent) gave readmgs within the normal 
range These changes would not appear to be definite indications of vitamm A 
deficiency and may occur m its absence 


Table I 

Pigmentation oj hiilbar eonjimctita and biopJiotometer test (99 cases) 


I Pigmentation of bulbar conjunctiva 
Biophotometer 1 


reading | 

1 

i 

+ + -^ ' 

1 

++ 

+ 

db 

1 

I 

90 1 

0 

2 

0 


, 

1 



85 ' 

0 

4 

^ i 

3 

9 

1 


71 oases (i e 71 71 

80 I 

O 

9 

8 ! 


26 


per cent) showing 


1 


no deficiency of 

75 i 

2 

5 

3 

0 

10 


Yitamin A 

70 1 

1 

2 

12 

6 

4 


! 

j 


65 1 

3 

2 


i 0 

1 « ! 



60 

0 

4 

1 

1 

1 4 



j 

55 

1 

1 

0 

0 

2 



1 

60 

! 0 I 

1 

2 

0 

3 



46 

0 

1 

, 0 

0 

1 


28 oases (i e 28 28 

40 

0 

2 

1 0 

0 

I 2 


_ per cent) sbowmg 
defioienoy of 

35 

0 

0 

1 ® 

0 

1 

0 


vitamin A 

30 

1 

0 

0 

, 1 

0 1 

t 

1 



20 

0 

0 

, 1 

0 

1 



15 

1 

1 

0 

0 

2 



10 with bngbt bgbt 

i 1 

0 

0 

1 0 

0 

) 




i 
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Table II 


Bilol s s2}ot itntJi ‘pxymcnlaixon of bulbar conjunctiva and biopholometer test 

(17 cases) 




Bitot’ 

B spot 




Biophotomotcr 





Total 

rending 

+ + -|- 

+ + 

+ 

± 



00 

0 

0 

0 

0 

0 



8G 

0 

1 

1 

0 

2 


16 cases (i e 88 23 






80 

0 

9 

4 

0 

0 


per cent) showing 




no deficiency of 

76 

0 

0 

0 

0 

0 


vitainin A 

70 

0 

6 ^ 

2 j 

0 

7 



G6 

1 

0 

0 

0 

! « 

0 

1 

' 


GO 

0 

0 

1 


1 


1 

2 cases (i e 11 76 

65 

0 

0 



0 


per cent) showing 



deficiency of 

60 

0 

0 



0 


yitamin A 

10 with hnglit light 

1 

0 

0 

0 

1 

4 



Treatment op eye conditions due to vitamin A depicienct 

The adnunistration of vitarmn A preparations was tried in cases classified 
according to three categories — 

First category Chnical groups I, II and III 

Second category Chnical groups IV and V 

Third category Chnical group "VT. 

(1) Cases of first category were treated by oral administration of cod-hver oil 
or hahbut'hver oil If diarrhoea was present cod-hver oil was given by inunction 
until diarrhoea ceased after which oral adimmstration was continued Eight cases 
reported the results of treatment and these have been satisfactory Two cases 
which did not improve rapidly were treated by injections of Prepahn (Glaxo 
Laboratories — 100,000 I U vitamin A) 

(2) Cases of the second category were treated by immediate mjections of 
Prepahn Of 17 cases treated the results were noted in 12 

[а) 6 cases — cornea cleared up completely after two injections at intervals 

of one week 

(б) 7 cases — cornea cleared up partially after one injection but they did 

not report after the second mjection 
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In this group 9 cases were treated with hahbut-hver oil with the following 
results — 


Oases 


Marked improvement 1 

Improved 1 

Improvmg 4 

Not reported 3 


Thirty-four per cent of the cases were siiffermg from diarrhoea 

Excellent results v ere obtamed m 2 cases of keratomalacia due to obstruc- 
tive jaundice — 

lei caec — S H , 15 years, male, Mohammedan, schoolbov Keratomalacia aecondarv to 
obstructive jaundice Blood tested for van den Bergh Immediate direct positive 

On admission — 

R, E vision — Ko Fm Cornea — perforated and prolapsed Ins 
L E vision — Fm only Cornea — -hazy and a small ulcer near lower hmbus, 
sensibibtv dimmisbed 

Result after three mjeetions of Prepalm (100,000 nmts of vitaimn A m each dose) — 

R E vision — Fm only Ulcer healed, adherent leucoma formed 
L E vision — 6/9 Cornea— completely cleared np except a small nebula at 
the site of the ulcer, sensibditv restored 

2nd ease — F B , 42 years, female Mohammedan Keratomalacia affeotmg both the eyes 
following obstructive jaundice Blood tested for van den Bergh Immediate 
direct positive 

On admission — 

R E vision — Fc at 1 ft Cornea — hazy and diminished senaihility and a 
slou^ng ulcer at the lower part of cornea affectmg the pupillary area 
partially 

L E vision — Fm only Cornea— as m R E 
Result after four mjections of Prepalin — 

R E vision — 6/24 Cornea — cleared up, ulcer healed up with the formation 
of leucoma Sensibility restored 

L E vision — 6/36 Cornea — clear and ulcer healed with formation of 
leucoma Sensibihty restored 

(3) Cases of thud category 

In this category aU the patients were already blind But treatment was 
earned on for the improvement of the general health AU the 10 cases showed 
marked improvement m general health m 3 to 4 weeks 


iSujniARY 

1 Near!} 3 per cent of patients attending the Eye Infirmarv, liledical 
CoUege, Calcutta, v ere found to be suffenng from eve conditions due to vitamin 
A deficiency 

2 Keratomalacia m children up to 5 years of age forms 71 9 per cent of all 
keratomalacia cases Yitanun A deficiency plays an important part 
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3 Conjunctival pigmentation with or without Bitot’s spots is not necessarily 
due to vitauun A deficienc)' A nornial vitamin A content was found m 71 7 per 
cent of such cases as indicated by Inopbotometer e\amination 

4 Parenteral adnumstration of vitamin A in cases of keratomalacia is very 
eficctivc in curing the condition 
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Ever since the effect of nicotinic acid and nicotinamide m the treatment of 
pellagra m man became established (Elvehjem, Madden, Strong and WoUey, 1937) 
attempts have been made to devise methods for the estimation of these consti- 
tuents in foodstuffs Although a number of methocls have been suggested for 
their estimation m tissues, nrme and blood (Karrer and Keller, 1938 , Kingstad and 
Naess, 1938 , Harris and Kaymond, 1939 , Sandier, 1939 , Swaminathan, 1939 , 
Eitsert, 1939 , Vilter, Spies and iMathews, 1938 , Pearson, 1939) very few methods 
are available for their estimation m foodstuffs 

Bandier and Hald (1939) have suggested a method for the estimation of mco- 
tmic acid m yeast iSwaminathan (1938) has reported a method which involves 
(1) repeated extraction of the material with water, (2) treatment with lead acetate 
to precipitate proteins and their derivatives, (3) removal of lead by treatment 
With sulphuric acid, (4) evaporation to a small bulk, (5) hydrolysis with HCl to 
convert the mcotmaimde mto mcotimc acid, (6) removal of colour by boihng with 
charcoal and (7) estimation of mcotimc acid m the extract by CNBr reaction using 
anilme A similar method has been suggested by Kingstad and Naess (1939) for 
the estimation of mcotmic acid and its amide m foodstuffs 

The methods so far suggested mvolve many steps and lack simphcity It 
may be remarked that the charcoal which is used for removmg the colour, adsorbs 
some mcotmic acid, which may vitiate the final result Purther, it was found by 
Bandier and Hald (loc at ) that lead acetate mterferes ivith the colour reaction 
Considenng these defects and the time involved m carrying out the vanous 
steps, any simphfication of the procedure would greatly increase the value of the 
method It was with a clear recogmtion of these defects m the execution of the 

( 126 ) 
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methods tliat a new method based on adsorption and elution of mcotimc acid has 
been densed by winch the estimations can be carried out in a much shorter time 
No attempts have so far been made to apply adsorption methods for the esti- 
mation of mcotimc acid in foodstuffs Adsorption methods are useful in removing 
materials winch interfere wnth colour formation Sucli methods are very elegant 
and specific From a large number of adsorbents tried during the present investi- 
gation, the best results weie obtained witli medicinal charcoal (Merch) This 
charcoal is a very efficient adsorbent for mcotmi'c acid The elution of the acid 
from the adsorbent can easily lie made quantitative by using alcohol-sodmm 
hydroxide mixture 

ExPEniMDNTAL 

Esliviation of meohme ocid — Of all the aromatic bases suggested for the colour 
reaction vith mcotimc acid, the reagent p-aimnoacetophenone, suggested by Hams 
and Eaymond {loc at ), was found to be the best The intensity of the colour ob- 
tained with this reagent is much higher than that given by metol (Bandier, Joe cit ) 
or amhne In the present investigation the Hams and Eaymond method was 
adopted for the colorimetric estimation of mcotimc acid 

A senes of prehnunary investigations was earned out to find the optimum 
conditions for the adsorption and elution of mcotimc acid from pure solutions of 
the vitamin 

A Adsorption 

1 Adsorption oj mcotimc acid hy various types of adsorbents — Vanous types 
of charcoals, Fidler’s earth and Permutit were exanuned for their adsorbmg proper- 
ties Solutions containing 10 ml of M/15 phosphate bufier (pH 7 1), 10 ^ water 
and 1,000 yg mcotimc acid (B D H ) were taken in comcal flasks, and 0 100 g 
of the adsorbent was added into each of the solutions After 4 to 5 minutes’ 
shaking, the charcoal was removed by centrifuging and the mcotimc acid in the 
solution was estimated after smtable dilution and adjustment of the pH of the 
solutions to 6 0 The results are set out m Table I — 


Table I 


Adsorption of mcotimc a<nd by various adsorbents 


Adsorbent 

Niootimc acid 
onginaJly 
present in i 

the solution, j 

ys 

Nicotinic amd 
in the residual 
solution after 
adsorption, 

ys 

Adsorption, 
per cent 

Medicinal charcoal (Sferck) 

1,000 

132 

86 8 

Blood charcoal 

1,000 

198 

80 2 

Norite charcoal 

1,000 

326 

07 4 
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Table I — concld 


Absorbent 

1 

Xicotinio acid 

1 onginally 

1 present in 

, the Bolntion, 

' Mg 

Kicotinic acid 
in the residual 
solution after 
adsorption 

Mg 

1 

[ Adsorption, 

1 per cent 

Decolorizing charcoal 

1 000 

625 

1 

37 6 

Permutit 

' 1,000 

618 

[ 48 2 

Fuller’s earth 

j 1,000 

1 000 

1 


The results show tliat medicinal charcoal possesses the best adsorbmg properties 
In all subsequent investigations medicmal charcoal was used 

2 Influence of pH on the adsorption of mcotinw acid by medicinal charcoal — 
Adsorption vas earned out as described aboie, m the presence of M/15 phosphate 
and M/5 acetate buffers of varying pH The results are presented in Table 11 — 


Table II 


Influence of pH on the adsorption of nicotinic acid 


pH 

Xicotmio aoid 
onginallr 
present m 
the solution, 

MS 

Nicotinie acid 
m the residual 
solution after 
adsorption, 

Mg 

Adsorption, 
per cent 

1 

30 

1,000 

1 1 

0 

1 

100 

40 


0 

100 

50 


0 

100 

6 6 

1 1,000 

0 

100 

62 

j 1,000 

Trace 

100 

7 1 

1 1,000 

121 2 

83 

^80 

1 1 000 

148 2 

85 


The results show that adsorption is more efficient m the acid than m the alka- 
line region Thus acidity is favourable for adsorption on charcoal 

B Elution 

Bor elutmg nicotmic acid from the charcoal after adsorption, sodium hydroxide 
and alcohol were tried separately and mixed together m smtable proportions After 
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various trials it was found that alcohol-NaOTl’ mixture containing 1^/5 NaOHwas 
better than either alcohol or sodium hydroxide alone The elution was earned 
out by adding the alcohol-NaOH muxture to the adsorbate in 10 ml centnfuge 
tubes, and keeping these m a boiling water-bath for about 2 to 3 minutes with 
constant stirring mth a glass-rod After centrifugation the nicotimc acid nas 
estimated m the eluate The results aie shown in Table Til — • 

Table III 


ElvUon oj nicotinic acid from dim coal adsorbate 


1 

Elulncnf 

Xicotinic acid 
content of the 
charcoal 
adsorbate, 

n'’ 

j 

Xicotimc acid 
in the eluate, 

/•g 

1 

Nicotinic acid 
eluted, per cent 

i 

10 ml absolute alcohol 

1.000 

517 ' 

i 

[ 

‘ 51 7 

1 

8 ml absolute alcohol -f 2 ml N NaOH 
(made up to 10 ml ) 

050 

1 

700 

1 

83 2 

10 ml N/5 XnOH 

1 

880 

1 

1 

, 170 

19 2 


By repeating the elution for a second time, the nicotinic acid can be completely 
and quantitatively recovered Further, the elutrient was found to be best suited 
for medicinal charcoal, complete and qiiantitatn e elution not being achieved in the 
case of other charcoal adsorbents used Table indicates the results obtained 
on the elution of mcotimc acid from the various charcoal adsorbents The acid 
was eluted twice by means of alcohol-NaOH mixture using 10 ml of the elutrient 
each time 


Table IV, 


Elution of nicotinic acid fiom the charcoal adsoibates by alcohol-NaOH 


i 

Ad^^orbates i 

Nicotinic acid 

III the adsorbate. 

1 

Nicotinic acid 
in the oluato, 

Nicotinic acid 
oluted, per cent 

Medicinal charcoal 

868 

847 

07 

Blood charcoal 

802 

673 

72 

Nonte charcoal j 

074 

612 

76 

Decolorizing chaiconl 

37o 

242 

! 04 
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C Principle of the method for the estimation of the mcotinie acid content 

of foodstuffs 

The method finally adopted vras as folloyrs — 

(1) Extraction mth ■rater , (2) hydrolysis nth NaOH to convert the mco- 
tinamide mto nicotimc acid (3) adsorption upon medicinal charcoal and elution 
m alcohol-E'aOH solution , and (4) estimation of mcotmic acid by the cyanogen 
p-aminoacetophenone method of Hams and Eaymond Qoc c^t ) 

(1) Extraction ■ — For the extraction of nicotimc acid a 5-gramme sample of the 
material to be assayed is weighed into a flask, and extracted ■with water by keeping 
in boiling water-bath for 20 to 30 rmnutes, centnfuged, and the supernatant hqmd 
decanted into a 100-ml flask The extraction was repeated until the volume of 
the extract amoimted to 100 nd In the case of yeast, which is a nch source of 
mcotinic acid, 2 g were taken for extraction 

(2) Hydrolysis — ^For hydrolysis 25 ml or 50 mh of the extract, the amount 
depending on the concentration of mcotimc acid in the extract, were taken m 
conical flasks and 5 ml of 20 per cent NaOH were added for every 25 ml of the 
extract, and kept in a boiling nater-bath for 20 to 30 mmu'tes Any precipitate 
formed was removed by centrifugation 

(3) Adsorption and elution — After hydrolysis the solution was brought to 
pH 6 0 to 6 5 (Bromoth^vmol blue as external indicator) by adding concentrated 
HCl, and the precipitate formed was removed by centrifugation To the clear 
extract thus obtamed, which may be coloured yellow in some cases, 0 200 g of 
medicmal charcoal was added, and allowed to stand for 3 to 5 minutes ■with frequent 
sLakmg, and centnfuged m 50-ml centrifuge tubes The adsoiqition was again 
repeated with 0 200 g of the charcoal "With some test substances, particularly 
yeast, traces of carbon are left floating on the top after centrifugation The amounts 
of carbon present are, however, too small to affect appreciably the final result 

The combined adsorbates contamed m the centrifuge tubes were eluted twice 
■with alcohol-HaOH mixture* (10 ml of the elutnent being used each time), by keep- 
ing in a boihng water-bath for 2 to 3 imnutes, till it begins to boil bnskly, while 
stimng the charcoal ■vigorously with a glass-rod After centrifugation (m 10-ml 
centnfuge tubes) the combmed clear solution, nhich may be coloured yellow m 
certain cases, was neutrahzed to pH b 0 or 5 6 after the addition of 1 ml of 4 per 
cent sodium bicarbonate solution, and made up to 25 ml or 50 ml ■with water 
-After neutralization the colour of the solution becomes less intense and m many 
cases the amount of colour is neghgible 

(4) Estimation oj nicotimc acid in the elutnent — The mcotmic acid was estima- 
ted by the cyanogen-j>-ammoacetophenone method of Hams and Ra^ymond Stan- 
dard solutions of mcotimc acid for colonmetnc comparison were prepared by addmtr 
kno^wn amounts of the acid to the alcohoI-XaOH mixture and adjusting the pH 
to that of the expenmental solutions *4.s the eluate is sometimes coloured j ellow, 

* The alcohol XaOH mixture was prepared by mixing 20 ml of X XaOH and SO ml of absolute 
alcohol and made up to 100 ml. It should be prepared fresh when required The shght turbidity of 
the mixture can be removed by centrifugation 

J, MB 
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duG to tlic extraction of certain pigments, it is essential to include a blank value for 
tbe original colour of tbe solution But in almost all tbe materials mvesfcigated, 
the colour of the original solution ivas so bttle compared to the intensity of colour 
due to the nicotinic acid present m the sample, that the blank value was not deter- 
mined In the case of maize, and pulses, however, which have a low mcotinic acid 
content the blank Amlue (without the addition of CISTBr) was included The quanti- 
ties of the reagents added for the development of the colour were the same as those 
suggested by Hams and Bayniond, except that 0 2 ml of 10 per cent HCl was used 
for the development of the latent colour In some cases it was found that after 
the addition of HCl, there w’as a slight change in the tmt between the blank standard 
and the experimental solutions This was probably due to change in pH The 
addition of M/5 acetate buffer pH 5 G (5 ml of buffer -f 6 ml of the solution) to the 
solutions ebminated such changes in the tint and facihtated easy and accurate 
comparison of the colours in the colorimeter 

The method was applied to the determination of the mcotimc acid content of 
yeast, liver, cereals and pulses, and good recoveries of added nicotinic acid were 
obtained The resnlts are presented in Table V . — 

Table V 


Nicoitmc acid content of foodeluffs with the 'percentage recovery of added 

nicotinic acid 


Foodstuff 

; 1 

Amount of 
material used 
for analysis, 

Amount of 
nicotinio 
acid added, 
Pg 

Amount of 
nicotinic 
acid found. 

Becovery of 
mcotmio 
acid, per 
cent 

Niootmo 
acid content, 
mg/lOOg 


r 

2 0 


1,212 


606 

1 Yeast 

1 








20 

300 

1,600 

94 




1 SO 1 


222 


44 

2 Bice (hand-pounded) 

1 







1 

I 60 

100 

320 

98 



r 

i ! 

60 i 


100 


32 

Bice (mihod) 

i 







i 

60 

100 

260 

90 


Bice (another variety) 


60 


107 


21 

1 


60 


160 


31 

3 Wheat -1 









60 

100 

236 1 

85 

1 



60 

1 

80 


! 

4 Bagi [Eleusine coracana) 


60 

1 100 

163 

83 



1 





22 


M 

60 


111 



6 Cholam {Sorghum mtlgare) 

1 

Ij 

50 

100 

209 

98 

■ 
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Table V — concld 


Foodstuff 

Amonnt of 
material used 
for analysis, 

g 

Amonnt of 
niootimo 
acid added, 
K 

Amonnt of 
mcotmic 
acid fonnd, 
Mg 

Recovery of 
mcotmic 
acid, per 
cent 

Nicotimc 
acid content, 
mg /lOO g 

• 

60 


160 


3 2 

6 Cambn {Penmseium typhoideum) 







6-0 

100 

246 

86 


/ 

60 


Trace 


Tract 

7 Italian miUet (i^antcum Ilahcum) j 






1 

60 

100 

101 

101 


8 Maize I (Zea mays) | 

60 


g 


<0 2 

i 

6 0 

200 

04 

43 


Maize II 

60 


29 


<0 6 

9 Black gram {Phaseolua mvngo) 

60 


116 

1 

23 


60 

100 

194 

79 


• 

10 Green gram {Phaaeolua radtalua) 

60 


18 


<0 4 


60 

100 

106 

88 


11 Bed gram {Caganua indtcua) 

50 


121 


24 


60 

100 

229 

108 


12 Bengal gram (Ctcer anehnum) 

60 


133 


27 


60 

100 

226 

92 


13 Sheep’s Lver 1 

60 


606 


10 1 

N 

6 0 

100 

586 

80 



Disoussion 

The method is fairly quickly performed It is designed so that the vanous 
steps adopted by other -workers for the removal of proteins, etc from the extract 
are avoided The recovery of added mcotinic acid m the case of maize was not as 
satisfactory as m the case of other cereals and pulses Low recovenes of added 
mcotmic acid were repeatedly observed m the case of maize 

fL completed a paper by Kodicek (1940) has appeared from 

me JNutntional Laboratory, Umversity of Cambndge, m which the method of 
aams and Ea-vmond was apphed to the estimation of mcotmic acid m animal 
ismes, blood and certam foodstuffs Except for the adsorption procedure, the 
o aer steps mvolved m the method are m general similar to those describ^ m 
investigation A comparison of the present figures with those of 
nicex (loc cit ) shows that Jhe values for maize are of the same order as those 
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given by lum, altliougb tlie figures for yeast and rice tend to be rather iugher 
It IS interesting to note tliat Italian millet, which is consumed by the poorer 
classes in certain parts of India, does not contain any measurable amount of 
nicotinic acid 

Many further improvements in the metliod can be made, especially as regards 
the complete removal of coloui in the eluate The accuracy and the apjilication 
of the method may furthci be increased by employing a Pulfrich pliotoraeter for the 
colorimetric estimation Further work on the application of the method to annual 
tissues IS in progress 

SujrJiAJiv 

An adsorption method for the estimation of mcotimc acid content of yeast 
and other foodstuffs is described Nicotinic acid is quantitatively adsorbed by 
medicinal charcoal By eluting the charcoal adsorbate with' hot alcohol-sodium 
hydroxide solution, an eluate is obtained that contains the % itannn The charcoal 
adsorption and elution method is apphed to a number of foodstuffs, and added 
mcotimc acid is quantitatively recovered from tlie foodstuffs bv sucli treatment 
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DoEFJiiN, Hortvit, Koser and Saunders (1939), wlule expemnentmg on 
the effect of the nicotinic acid in blood on the groirth of dysentery organisms, 
obsen''ed that groirth-promotmg activity due to mcotimc acid was confined to the 
erythrocytes Pearson (1939) reported tliat blood plasma from vanons mammals 
gave a negative reaction with the cyanogen bromide ambne test In a prenous 
conimumcation (Kochhar, 1940) the author recorded that only about 5 per cent of 
the total mcotimc acid content of dogs’ blood is present m the plasma The present 
mvestigation was undertaken to discover the distribution ot mcotimc acid m the 
various constituents of blood and whether the estimation of mcotimc acid m blood 
has any value m the diagnosis of mcotimc acid deficiency 


Experisiental 

Serum from the clot and plasma from citrated blood ivere separated as usual 
The cells after removal of plasma were further fractionated mto two layers by centn- 
fngmg at 3,000 r p m for about half an hour The separation of ceUs m these tv o 
layers was, however, not complete The red cells m the erj'throcyte layers vaned 
from 13 6 X 10® to 18 6 X 10® per pi vnth leucocyte counts of 780 to 6,562 per pL 
The white blood cells m leucocyte layers varied from 49,500 to 446,000 with 
erythrocyte counts of 2 4 X 10® to 13 1 X 10® per pj 

The mcotimc acid content of the various constituents of dogs’ blood is shown 
m Table I The method followed for estimating mcotmic acid or its amide v as as 
desenbed m the previous communication (Kochhar, loc cit ) It closely resembles 
the ongmal method desenbed by Swammathan (1938a, b) The values for the 
mcotimc acid content of the erythrocyte layers were high There was a close corre- 
ation between the proportion of er^hrocytes present in the vanons test samples 
and mcotimc acid content , it is probable that mcotimc acid is found only m red 

( 133 ) 
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Nicoiimc Acid in Blood 


cells Tlie blood plasma contained only a small percentage of the total amount 
present in tbo blood 

Table I 


Bicolinic acid (xg per cent in dogs' Mood 


Sample 

1 

1 

2 i 

3 

4 

Whole blood ] 

700 

024 

704 

762 

Erjthroojlo layer 

1,884 ■ 

1,980 

1,000 

1 

1,190 

Lcucocjle lajer 

1,480 

010 

640 

1 1 

062 

Plasma 

Trace 

72 

115 

i5 

Serum 

28 

1 

120 

62 j 

60 


A senes of determinations of the mcotimc acid content of the blood of 
patients suSering from vaiious conditions was undertaken The results are shoum 
in Table II — 


Table II 


Blood nicolimc acid in patients sn^ffenng jrorn mnons diseases 


Disease 

Who count 
per fil 

Niootimc acid 
in blood, 
fi^ per cent 

1 Lobar pneumonia 

7,000 

660 

2 jt If 

20,000 

400 

3 Broncho ,, 

13,000 

680 

4 n 

11,000 

400 

6 1 

^ fi If j 

14,800 

416 

i 

6 LIoningitiB 

7,900 

380 

7 ' 

” 1 

18,000 1 

1 

380 

8 Severe an'omia 

i 

308 

ff II 


348 

10 ,t If 


330 

11 


262 

12 Antenna with diarrhoia 


300 
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TLe low value for nicotinic acid content in the cases of severe ansemia is of 
interest The fact that the nicotmic aeid content was not increased in some cases 
shoivmg a leucocytosis suggests that the leucocytes contam relatively httle mcotimc 
acid 

A peUagrm vlth marked anseima was adimtted to the Mayo Hospital, Lahore, 
on 11th March, 1940 He was given 460 Pg of mcotimc acid daily for 10 days 
commencmg from 13 th March He showed stnkmg improvement Subsequently 
he was given marmite m place of mcotimc acid 

A series of blood mcotimc acid estimations on this patient is shown m Table 
in No obiious nse occurred as the result of treatment It is to be observed 
that the blood mcotimc acid content m this patient was not much below the average 
found m normal students and patients not suffenng from pellagra, i e 367 [ig and 
355 /ig per cent respectively (Kochhar, loc cit) It therefore appears that deter- 
minations of mcotimc acid content of blood are unlikely to be of chmcal value 

Table III 

Blood mcotimc acid in a 'patient suffering jrom peUogra 



Date 

Nicotitao acid 
m blood, 

Hg per cent 

11th Slaroh, 1940 

1 384 

12th 

„ 1940 

316 

13th 

1940 

320 

15th 

„ 1940 

380 

16th 

„ 1940 

1 300 

18th 

„ 1940 

1 400 

4th April, 1940 

1 412 

1 


Summary 

1 Most of the mcotimc acid m blood is present m the red cells Whole blood 
should be used in the estimation of mcotimc acid content 

2 There vas httle fluctuation m blood mcotimc acid values m patients 
suffering from vaiious conditions, mcludmg pellagra Estimation of the 
nirotimc acid content of blood is probably of httle value m the diagnosis of 
pellagra 
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In a previous commuiucation from these laboratones (Pal and Singh, 1938), 
it was reported that nhen rats were fed on a nee diet resembling that consumed 
bv tbe poorer classes m India, which has been shown to be deficient m calcium 
salts (Aykroyd and Knshnan, 1937) changes mdicative of hypofunction were 
observed m the parathyroid gland When the diet was supplemented b\ calcium 
or calcium and phosphorus, the gland remamed normal These experiments, 
which were mamlv devised to study the ellect of supplementmg nee diets with 
calcium and phosphorus, lasted for a period of ten weeks only Further work has 
been undertaken to mvestigate changes m the parathyroid gland of rats fed on a 
similar nee diet for longer penods 

Ragi {Eleusine coracana), one of the millets, is widely consumed m India either 
as a mam staple or m conjimction with nee As this cereal is particularly rich in 
calcium, the effect on the parathyroids of supplementmg a rice diet with ram was 
studied 

Experimental 

The composition of the basal diet, which is known in the laboratones as the 
‘ cheap Madrassi diet ’ or the ‘ poor South Indian diet ’ (diet I), was as follows 


1 

Oz 

i 

1 Grammes 

Raw milled nee 

21 00 

696 

Bhal arhar {Cajanus indicus) 

0 70 

20 

Black aram {Phaseolus muiigo) 

0 70 

20 

Gingellv oil {Sesnmum indicum) 

0 10 

3 

Bnn]al {Solanvjrt mclongrna) 

1 00 

1 28 

Amaranth leavea ( 4marant7ius gangcticus) 

0 50 

14 

BaTv plantain (jl/u5a paradisi^ica) 

0 60 

14 

Meat (mutton) 

0 06 

1 7 

Coro nnt 

0 05 1 

14 
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Pathological Changes in the Parathy)oids in Pais 


A group of young albino rats (group I), aliout 50 to GO grammes m weight, 
was given the above diet, vJiich was feel ad hb in the proportions mdicated The 
quantities sliowm are roughly eqiuvalcnt to the daily intake of an adult man A 
second group of animals (group II) ivas fed on a diet similar m composition, 
except tliat four ounces of raw milled nee w^ere replaced by an equal quantity 
of ragi (diet II) Group III was also given a diet similar to that given to 
group II, but in tins case ragi completely leplaced tiie raw^ milled nee (diet III) 
Group IV was fed on the ‘ stock diet ’ of the laboratories (diet W) consisting of 
‘ atta (whole wdieat) chapattis ’ smcaied wuth butter, fresh raw^ cabbage, fresh 
raw carrots, sprouted Bengal gram, cow’s fresh milk and meat (twice a week) 
Each experimental group contained 16 ammals (8 males and 7 females) The 
animals were wciglied wmehly and exposed to sunlight for a few hours daily m 
the morning time whenever the w’eather was bright 

The experiment lasted for 65 weeks The animals were killed after different 
periods of feeding on the above diets Immediately after death, the trachea, the 
oesophagus and the tlijrroid w'cre removed and fixed together in formol sahne 
After fixation, the thyroid, with the embedded parathyroids, was dissected out 
from the other tissues and blocked in paraffin Serial sections were stained by 
Ehrlich’s acid haimatoxyhn and cosin and, in some instances b}^ Weigert’s iron 
hiematox}diu and van Gieson’s stain 

Certain structural changes have been described in tbe cells and the connective 
tissue of tlie normal parathyroids wuth advancmg age (Cooper, 1925) Accordmgly, 
the histopathology of the glands w'as studied in comparable age groups, equal 
numbers of ammals from each group being killed simultaneously at different 
intervals after the commencement of the ex-pemneut 


OnSEBViTIOXS. 

The final average weights attained are show n m the Table Gioup I grew more 
slowly and attained a lower final weight than the other groups Group IV showed 
the best performance 

Table 


Average initial and final iveighU of rats 


1 

i 

Group 

Initial weight 
(average) in 
grammes 

Fmal weight 
(average) in 
grammes 

I 

54 7 

160 

n 

647 

180 

HI 

647 

161 

IV 

1 

67 0 

\ 1 

1 192 



M V RadJiaLrisJma Rao 


139 


The animals, especiall)' those m group I, were examined at frequent mtervals 
for e\ndences of tetany, e g spastic ngidity of the hmhs (carpopedal spasm), 
hyperexcitabihtr, convulsions, etc None, however, shoved these conditions 

The normal 'parathyroid m the albino rat — The hterature on the subject is very 
scanty and the only available description is that of Hoskins (1924) The following 
account is mainly based on the author’s observations and the data contamed m 
Hoskins’ paper — 

The parathyroids are separately enclosed withm a thm fibrous capsule and are 
usually attached to the thyroid In some cases, however, they are embedded in the 
substance of the thyroid gland The parenchyma is composed of densely packed 
epithehal cells These are polygonal or rounded m shape and are usually arranged 
m compact masses separated by vascular strands of connective tissue The predom- 
inant type of cell m the parenchvma closely corresponds to the ‘ transitional variety ’ 
of the prmcipal cells described m the human parathyroid (Gilmour, 1939) This 
ceU contains a round or oval nucleus which is generally centrally placed and stams 
deeply , the ceU walls are not distmct and the cytoplasm at the periphery of the ceU 
IS shghtly granular The ‘ darh ’ and the ‘ water-clear ’ vaneties of pnncipal cells 
found m the human parathyroid (Gilmour, loc eit ) are also seen m the rat parathy- 
roid, but their occurrence and distnbution are not always constant In one speci- 
men, remoyed from a young ammal, the greater part of the parenchyma was 
made up of the ‘ water-dear ’ type of prmcipal cells The difierence m the three 
types of prmcipal cells is maudy in the c^oplasm , m the ‘ darh ’ yariety, the 
protoplasm is uniformly deeply ^med, while in the ‘ transitional ’ and the ‘ water- 
dear ’ types only the periphery of the cytoplasm is stamed to a yarymg extent 

It IS doubtful whether the oxyphil cells of the human parathyroid haye their 
counterpart m the rat parathyroid Typical human oxyphil cells are larger than 
the prmcipal cells and are polygonal m shape , they contam small and often pyknotic 
nuclei , the cytoplasm stains intensely with acid dyes and contains oxyphil granules 
Acidophil cells which do not conform to the aboye descnption are, however, seen 
m the parathyroid gland of the rat They are often very few m number and their 
cytoplasm is stamed reddish-purple or pink m hasmatoxylm-eosm preparations 
and contains no noticeable granules 

The amount of connective tissue present m the gland is variable It is usually 
scanty and mainly distnbuted around the vascular channels In some cases, the 
amount of connective tissue is so slight that under the low power of the microscope 
no strands are \nsible Closer exammation, however, reveals the presence of fibro- 
blasts and dehcate fibres of connective tissue around the vessels Large spmdie 
cells contaimng yellmvish-brown pigment are sometimes present m the penvascular 
connective tissue, especially round big vessels 

The glands are very vascular The endothelium Immg the cnpiUanes, which 
appear more like sinusoids is deficient m many places, vhere the capillanes come 
into close contact with the parenchymal cells of the gland A few non-medullated 
nene fibres are distributed m the gland along the vascular channels Colloid 
yesicles are not seen m the parenchyma of the normal gland. 
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Changes m (he parathyi oids of the expcrinmiial animals — The animals -were 
killed at the end of 27, 35 and 55 weeks respectively 

Groa^} I — {a) Tlie parathyroids of animals killed at the end of 27 weeks were 
of normal si/e and showed a preponderance of the transitional type of the principal 
cells and very few acidophil cells There wms no cytolysis in the parenchymal 
colls and the \asciilarity of the organs was more or less normal There ivas slight 
fibrosis in the connective tissue framew ork 

(/;) ]\josfc of the animals killed at the end of 35 and 55 showed more defi- 
nite structural changes in the glands These varied in sue, some being smaller 
than normal and others bigger The average size was, however, above normal 
This was due to h}'perplasia of the parenchymal cells Hypertrophy of the indivi- 
dual cells was not a prominent feature In most instances, the principal cells 
appeared normal Evidences of cjdolysis were slight In one animal shght 
oedema of some of the principal cells was observmd and in another, killed after 
55 w'eeks, shrunken cells wnth pyknotic nuclei w ere found Acidophil cells were few 
in number and normal in appearance 

Striking changes in the connective tissue of the glands w'ere observed The 
perivascular connective tissue which is not piorainent m the normal gland was 
increased in amount and, in some cases, dense bands of collagenous connective 
tissue were found dividing the p.jrench}ma into compact islands of vannng sizes 
The parenchyma was sometimes fiiitbcr subdivided by fine strands of fibrous tissue 
connecting the dense bands aioiind the vascular channels In places the distribu- 
tion of fibrous tissue was intci cellular with the result that the pnncipal cells 
appeared to be loosely ananged TJie amount and distribution of the connective 
tissue m the glands varied in the dificrent specimens There appeared to be an 
increase of pigment-laden spindle cells in the perivascular connective tissue, 
especially in places w^here the latter was dense and hyaline 

Serial sections showed that the vascularity of the glands was slightly diminished 
In places where perivascular fibrosis was marked the lumen of the vessels appealed 
veiy narrow In some specimens the smus-hlce capdlanes were diminished m 
number and less proimnent 

As in the normal gland, colloid vesicles were not observed m any instance 
No hemorrhages into the glands weie noticed 

Groujis II, III and IV — The glands fiom these ammals, killed at the same 
intervals as those in group I, conformed to the description of the normal gland 
given in the previous section There appeared to be a slight increase in the connec- 
tive tissue of the glands in the older animals, but this remamedwitlunnoimal limits 
The glands w ere very y ascular and, in some specimens, the capdlanes were ren- 
dered more prominent by the congestion of the vessels 

Plates I, II and III illustrate appearances in the normal parathyroid and 
the various pathological changes described 

Discussion 

The most important difference in the expermiental diet yvas in calcium content 
The calcium content of the diets I to IV per 2,600 caloiies (i e m terms of uman 



Plate I 


(All the mxcrophotographs were taken with ‘ Miflex ’ ) 



Fio 1 Fiq 2 

Rgs 1 and 2 Low power microphotographs of parathyroid glands of Tonng (Fig 1) and adult (Fig 2) normal 
rate x 60 Note the preponderance of ‘ water-char ’ type of pnncipal cells m Ihg 1 



Fig 3 Pjg 4 

of theeLn^^Von^'^ microphotographs of parathyroids of rats in group I showing the increase m the sue 












Fio 11 

Fig 11 Section of parathyroid of rat m gronp III 
tnowing normal appearance^ x400 


Fig 12 

Fig 12 Parathyroid gland of rat in group I show 
mg shrunken cell« mth pyknotic nuclei •V 400 
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DIETARY AND PHYSIQUE OP MINING POPULATION IN 
JHARIA COAL FIELDS (BIHAR) 

BY 

K MITRA 

(From Nutrition Scheme, Public Health Laboratories, Bankipur ) 

[Received for publication, June 27, 1940 ] 

Introduction 

Though the actual surface area of the coal mines at present barely exceeds 
150 square miles yet the Jharia Mming Settlement includes the whole of the 
Dhanbad subdivision (787 square mdes) of the Manbhum distnet m Bihar The 
settlement resembles an irregular triangle m shape and is situated between the 
Barakar and Damodar nvers 

The extremely rapid development of the coal mdustry m Dhanbad sub- 
division beginning m the closmg years of the last century attracted large numbers 
of people from outside the distact The population mcrease (221,434 m 1891 
Census to 604,736 in 1931) vuthout necessary arrangements for housing, water- 
supply and sewage disposal led to senous pubhc health problem for the authonties 
After various frmtless attempts to improve the samtation, a statutory body, Jhana 
Mmes Board of Health with its headquarters at Dhanbad, was created m the year 
1913 A Medical Officer of Health vuth subordinate samtary staff is maintained 
by the Board Jhana Water Board, operating from the middle of the year 1924, 
supphes on the average about 1,600,000 gallons of v ater daily to a part of the 
coal field area servmg roughly about 123,000 people 

The important vital indices for the last 5 years are given under Table I 
The rates seem to be favourable as compared with the respective rates for the 
provmce of Bihar 

Analysis of the sickness returns from all the dispensanes in the coal mines 
for the years 1937-1939 gn es the followmg percentage mcidence of the different 
diseases (assummg the returns for all diseases as 100) Pneumoma, 0 34 per cent , 
asthma, 0 43 per cent, pulmonary phthisis, 0 05 per cent, all other chest 
complamts, 9 24 per cent , dysentery, 2 60 per cent , entenc fever, 0 16 per cent 

( 143 ) 
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hooH^orm and other lielminthic iniections, 0 19 per cent , diarrhoea, 1 83 per cent , 
otlier bowel complaints, 13 06 per cent , influenza, 4 33 per cent , malana' 
23 05 per cent, pjTcxia of unknown ongin, 6 99 per cent, venereal diseases^ 
0 10 })cr cent , and all other diseases, 38 48 percent Plague, which w-as prevalent 
during the first decade of the present century, has totally disappeared Cholera, 
which was responsible for a large number of deaths prior to the installation of 
water-supply, does occur occasionally in the foim of mild epidemics Smallpox 
cases occur from time to time 


Table I 


Certain vital stahsUcs in Jhana Mining Settlement, i e DJianbad Sub- 
division cTcludmq Dhnnbad Municipality 


Vitnl indices j 

1936 1 

1 

j 

1936 ' 

1 1937 

1038 

' : 

1939 

Birfch rate j 

27 08 

26 93 

27 67 

Cl 

j 26 98 

Dcalh rate 

20 43 

16 10 

' 16 60 

16 34 1 

16 06 

Infant mortality rate 

102 

108 1 

92 

116 

i 

m 

\ 


FAUnLIES SURVEYED 

An investigation into the food intake of 150 families earning then livelihood 
from the coal industry was carried out in the autumn and cold weather of 1939, 
on the lines followed by Aylcroyd and Krishnan (1937) Subsequently, another 
group cornpnsing 44 families, wms investigated, this survey being completed during 
the months' of March and April 1940 Hereditary mming families are rarely found 
as the coal uunes in Jliaria vnth few exceptions are barely 50 years old Even 
to-day there are miners’ farmhes deriAung part of then total income from agriculture 
Ho such faimhes have been mcluded m this survey 

Out of a total of 194 families included in this study, 162 belonged to the home 
province of Bihai, 31 to Bengal, 4 to the United Provinces, 3 to the Central 
Provinces, 2 to the Punjab, and 1 each to Bombay and Orissa The total number 
of faimhes belonging to aboriginal and semi-aboriginal tnbes came to 98 and 
included Bauris, Santals, Bhunuas, Ghatwai, etc 

The farmhes mcluded in this mvestigation have been classified {see Table II) 
into four mcome groups These are (a) group I, i e farmhes wuth a monthly 
income up to and not exceeding Rs 15, (6) group II, le farmhes with monthly 
income above Rs 16, and not exceeding Rs 30, (c) group III, i e famibes with 
monthly income above Rs 30, and not exceeding Rs 50, and (d) group IV, l e 
families with an mcome above Rs 80 per month but uot exceeding Rs ^0 Ihe 
average monthly income per family in aU the groups works out at Rs 11 1, 
Rs 20 4, Rs 38 1 and Rs 82 8 respectively 
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For the sake of brevitv only the group numbers will be mentioned wlien 
refemng to any one of the groups later m the text 


Table n 

Classification of families in the different income groups 


1 

1 ' 2 

3 

4 

6 

1 

6 

1 « 
r j 

Group 1 

V ^ families m 

numbers , , 

1 eacli group 

1 

1 

Average monthly 
income per family 

i 

Average 
number of 
consumers 
per family 

Average 
number of 
‘ man value ’ 
consumption 
umts per 
family 

i 

Average daily 
mcome in 
annas* per 
consumer 
per family 

I 

74 

1 

Up to Rs 15 

3 84 

2 89 

2 30 

1 

n 1 

42 

Over Ra 16 and up to 
Ra 30 

600 

3 70 

3 26 

m 

41 

Over Ra 30 and up to 
Rs. 60 

6 41 

4 17 

6 68 

IV 

( 

37 

Over Ra 60 but below 
Ra 200 

7 03 

6 37 

7 71 


* One rupee roughly equals Qd and consists of 16 annas 


Economic condition 

Due to the existence of unemployment most of the min ers could not find work 
continuously on all days of the week and thus then income vaned from week to 
week. The income of each family for 90 days was pooled and divided by 3 to 
arrive at the monthly income figures The average consumption umts in famihes 
belonging to each of the income groups were worked out accordmg to the scale 
of coefficients prescnbed by the League of Ffations (1932) It was observed 
{see Table II) that as income mcreased the number of dependants in the family 
also increased 

Tlie occupations followed by pnncipal earner m each family have been classi- 
fied under four different heads — 

(a) Unskilled labour (c) Supervismg staff 

(b) Skilled labour (d) All others 

UnsInUed labour includes mmers (or actual coal cutters), trolley men and 
loadmg coohes "Workers m this group were usually paid at the rate of 6 to 8 annas 

J, MR JQ 
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per ton of coal raised They earned from Rs G to Rs 15 per month The skilled 
labour group consisted of khalasi*, hoolananf, coke maker and hammer men 
(earmng about Rs 10 to Rs 25 per month) and loco driver, carpenter, or fitters 
(Rs 20 to Rs GO per month) The supervising staff included overman, loading 
inspector, etc earmng a pay of Rs 20 to Rs 60 per month The ‘ all others ’ 
group included doctor, engineer, manager, electrician, etc who earn about 
Rs 70 to Rs 150 per month and suboidinate staff such as cleiks, cashiers, 
compounders, etc who draw a pay of Rs 40 to Rs 100 per month The 
distribution of the principal earners in each family in the different income 
groups have been shown in Table III — 


Tabie III 


Frequency distribution oj families in dxFerent income and 
occupation groups 


Family groups 

1 

Unskilled 

labour 

SkiUed 

labour 

Supervising 

staff 

All others 

Total 

I 

09 

3 

1 

1 

74 

n 

24 

12 

3 

3 

42 

in 

1 

8 

9 

1 

12 

12 

41 

TV 

1 

1 

1 

7 

t 

1 

28 

37 

All groups 

102 

26 

j 

23 

44 

194 


The classification of a few labourers’ farmhes in group IV is explained by the 
fact that in calculating the total income of any family the wages of all earners were 
pooled together 


♦ Khalaeia are technical lahourere m connection with pump, boiler, etc 
t Hookman works at signals and trolleys 
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Classes of foodstuff coxsujrED 

Intake per consumption umt of the various mam classes of food m the different 
groups IS shown in Table — 


Table W 


Average consumption of various foods in each of the income group 
{ounces per consumption unit daily) 


Family 

groups 

1 

3 

a 

e 

5 

1 

EC 

O 1 

3 1 

1 * 

1 2 

1 ^ 1 

O 

tt) 

o 

1 Ei 

►3 

Non leafy voco 
tables 

Fate and oils 

S 

o 

.2 

"I 

5 

Milk and milk 
products* 

3 

C 

1 = 

1 ^ 

\ ■§ 

1 ^ 

Sugar and jaggery 

-3 

3 

O 

g 

3 

Q 

a 

I 

23 6 

42 

2 6 

1 9 

‘ 06 

1 4 

1 

0 4 ' 

1 

03 

1 

1 0 6 

n 

> 27 4 

3 9 

1 1 

36 

1 0 7 

1 2 

1 6 1 

0 1 

04 

1 04 

in 

22 8 1 

40 

0 9 

70 

1 3 

1 7 

62 

09 

09 

1 0 

IV 

16 9 

3 9 

1 4 

1 

9 1 

2 1 

1 

23 

10 2 

26 

1 1 

0 7 


• Esclades ghee or butter fat 


Cereals — ^Rice was the chief cereal food consumed and m every family the 
home-pounded parboded variety was used In the case of abonginal and serm- 
abonginal famdies constituting about 60 per cent of the consumers, the water 
(marh or conjee) used for cookmg was not thrown away Puffed nee was fairly 
popular as breakfast or as an afternoon snack The only other cereal food consumed 
was wheat flour but its use was hmited mainly to the uppei mcome groups At 
the time of mvestigation home-pounded parboded nee was selhng at 18 lb to 22 lb 
to the rupee and wheat flour at 16 lb 

Pulses — ^The figures for mtake of pulses were found to be higher than those 
recorded at other mdustnal areas m Jamshedpur (Mitra, 1940a), or Assam (Wilson 
and Wtra, 1938) Pulses were selhng at 13 lb and 14 lb per rupee respectively 

Leafy vegetables — In the lowest mcome group the average figures for consump- 
tion was the highest , mtake m groups 11 and HI was considerably smaller whde 
that of group IV occupied au intermediate position In the diet^ of mdustnal 
workers at Jamshedpur somewhat simdar findings have been recorded by the 
author (Mitra, 1940a) , here the quantity of leafy vegetable m the diet was found 
to decrease with increase of income There was scarcely any space avadable at 
the coohe dhoivrahs (barracks) for kitchen gardens Sag or green leaves were 
seUmg at half an anna per pound 

Non-leaf y vegetables — Potato is as a comparatii ely costly commodity (1 anna 
per pound) The popular vegetables is ere bottle gourd {Lagenana vulgans) 
bnnjal {Solanum mdongena), broad bean (Dohehos lablab), radish {Raphanus salivas) 
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colocasia, ndge gourd {Luffa acutangula), nenua {lAifa cegyplica), etc The cost 
of these per pound was about half that of potato 

Fats and oils — ^Mustard oil was extensively used Ghee or butter fat was 
consumed by the families in the higher income groups The price of mustard oil was 
3 5 annas per pound and that of ghee 10 annas per pound Butter was not eaten 

Flesh foods — Tlie use of beef was occasional and confined to the 6 Mohammedan 
and the aboriginal families Goat’s meat (4 annas per pound) was the most popular 
flesh food Some poultry meat was included in the diet In this part of the country 
fowls sell cheap , turn or two and a half annas can purchase a decrepit bird In a 
previous communication dealing with the dietary of the aboriginal tnbes, the author 
(JTitra, 19406) had abeady shown the abongmals mvariably rear fowls and pigs 
So, in such famiUes some amount of pork and clucken was consumed without any 
increase in the food budget Fish was selling at 11 annas to 4 annas per pound 
and was mostly consumed b)' the families in the upper income groups 

Mill and mill products — The supply of cow and buffalo milk is hunted m 
extent and sells at ten pounds to the rupee 

Fruits and nuts — The frmts consumed consisted of guava, banana, papaya, 
etc The district rarely grows any fruit and frmts have to he imported from other 
places , consequently they are costly 

Sugar and jaggery — The price of sugar was 3 annas and sugar-cane jaggery 
annas per pound These foods were used mainly to sweeten tea and occasionally 
as a condiment 

Condiments — These consisted of turmcnc, coriander seeds, red chillies, mustard 
seeds, etc Omons have also been classified under this head Condiments were 
used mostly in the preparation of dhal (gruel from pulses) and curries They were 
probably of some value as a somce of minerals 

Milk, leafy vegetables, frmts and meat can be considered ‘ protective ’ foods 
The mean intake of these (Table IV) does not give a satisfactory idea of the trend 
of consumption in the various groups Table V show s the frequency distribution 
of fannbes not including each of these protective foodstuffs m the diet — 


Table V. 


Frequency distribution of families in the different income groups abstaining 
from the consumption of various ‘ protective ’ foodstuffs 


Family 

groups 

Leafy VEGETABtEg 

Milk, and milk 

PB0DH0T3 

Pbuits and nuts 

Actual 

Percentage 

Actual 

Percentage 

Actual 

Percentage 

I 

31 

41 9 

66 

87 8 

74 

100 0 

n 

26 

61 9 

29 


39 

92 9 

in 

26 

60 9 

13 

31 7 

24 

68 6 

IV 

14 

37 9 

3 

81 

3 

8 1 


Flesh foods 


Actual 

Percentage 


257 


19 0 


244 


18 9 
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The consumption of non-leafy vegetables, imlk, fmts, fats and oil, and sugar 
and jaggery, maintains a positive correlation mth the mcome of the family This 
confirms the previous expenence of the author (Mitra, 1940a) at Jamshedpur, 
another mdustnal centre Eoughly 20 to 26 per cent of the families m each group 
were vegetarians 


Table Y1 


Frequency distribution of families according to calorie consumption 
per consumption unit per diem in the different 
income groups 


1 

2 

3 ! 

1 

4 

6 

6 

7 

8 

9 

Familv 

groups 

Total 
number of 
families 

Up to . 
2,000 ' 
calones j 

Up to 
2,600 

Up to 
3,000 

1 Up to 
3,600 

1 

Up to 
4,000 

Orer 

4,000 

calones 

Average 
[ calorie 
consumption 
per man 
per day 

I 

74 

2 1 

12 

18 

23 

12 

7 

3,140 

n 

42 

0 

4 


7 

7 

16 

3,671 

m 

41 

1 

1 

1 e 

13 

7 

10 

3,498 

IV 

37 

0 

0 

1 

8 

1 

1 

18 

10 

1 

3,294 


Table VI gives the average mtake of calones per man value (consumption 
umt) per day m all the four groups, as also the frequencv distribution, of famihes 
m the shdmg scale of calorie consumption The famihes classed under columns 
3 and 4, i e with a calorie consumption up to 2,500, were unquestionably 
obtaimng too httle food to eat The lower consumption of calones m the highe^ 
mcome group is accounted for liy the fact that these famihes consisted of people 
engaged in pursmts requirmg only a moderate amount of manual labour In each 
of the famihes m column 3 of the table the average consumption was above 1,900 
calones and the maximum average figures under column 8 were in the neighbour- 
hood of 4,600 calones In one family the energv value of the diet was a httle more 
than 5,000 calones 

Amongst the poorer classes m India, cereals often contribute more than 80 
to 90 per cent of the total calone yield of the diet Table VTI shows the percentage 
mcidence of average intake of calones per consumption umt (man value) per diem 
from cereals, pulses, and fats and ods m different income groups It is evident that 
the percentage of the contnbution of calones from gram foods gradually diminishes 
with the increase of mcome m the family 
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Tlie percentage contribution of caloues from fats and ods changes in the 
opposite direction 


Table 

Perccnlayc incidence of overaye intalc of calories per consumption 
unit per diem from cereals, pulses, fats and oils 
in different income lends 


Familj groujii 

Percentage of 
calonca from 
cereals 

Percentage of 
cnionaa from 
pulses 

Porcontaco of 
caloncs from 
fata and oils 

I 

80 32 

12 83 

1 

1 3 91 

1 

77 05 

i JO 42 

! 500 

III 

03 92 

1 

10 34 

9 69 

IV 

51 04 

IJ 70 

' 1616 


Proximate principles 

Tlie intake of the different nutrient piinciples in the food per consumption 
umt per dav in each of the fannhes under investigation ivere calculated from the 
table of food values contained in He<ilth Bulletin N^o 23 (1938) and previous 
pubhcations by tlie autlior (Mitra, 1938, Mitra, Mittra and Rov, 1940) on the 
subiect Average intake per consumption umt pex day m each of the groups is 
shown in Table VIII — 


Table VIIL 


Average intahe of nutrient principles per consumption umt per day in 

the diFerenl groups* 


Family 

groups 

( Protein, 

i e I 
1 

Fat, 1 
8 , 

Carbo 

hydrates, 

S 

Calcium, 

g 

Pbos 

phorus, 

g 

Vitamin A, 

I u 

i 

Vitamin 

I U 

Vitamin C, 
mg 

I 

09 2 

24 3 

612 3 

1 0 710 j 

1 2 306 

4,620 

1,035 

137 

11 

104 2 

29 7 

' 099 2 

0 002 

1 2 630 

2,496 

1,134 

68 

ni 

102 7 

63 1 

003 2 

0 840 

; 2 320 

2,724 

1,094 

101 

IV 

1 99 4 

I 

70 3 

624 1 

0 901 

2 332 

3,730 

910 

163 


* Detailed data may bo bad on reference to the author 


Intake of fat in groups I and II was somewhat low The average figures for 
consumption of vitamin A in the families comprising groups 11 and III was on 
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the low side The high vitamin Bj intake m aU the groups is due to the fact 
that parboiled home-pounded nee, rich m this vitarmn, was the chief cereal 
consumed 

Intake of total protem appeared to be satisfactory The amount of animal 
protem consumed was, however, small Table IX shows the relative consumption 
of protem and fat of animal and vegetable ongm by vanous groups It is qmte 
evident that mcrease m mcome is followed by a larger mclusion of foods of animal 
ongm. 

Table IX 

Percentage incidence of aninuU source in case of average figures for ‘protein 

and fat consumed 


JTutnenta 

Group I 

Group n 

Group rn 

Group IV 

Protem 1 

7 66 

0 58 

14 80 

21 29 

Fat 

17 10 1 

19 11 

45 60 

60 80 


The average consumption figures of the important mmeral element calomm 
in groups I, ni and W reached the Sherman standard (0 68 per cbnsumption umt 
per diem), but a closer analysis of the figures reveals a less satisfactorv state of 
affairs It is evident from Table X that about 55 per cent of the famihes m group I, 
50 per cent m group 11, 32 per cent m group HI and 8 per cent m group IV were 
consummg diets whose calcium content failed to reach the standard 


Table X 

Frequency distribution of famihes as regards different levels of calcium intahe 


Fanulv 


Families with average intare of calciuji fee day d. 

Anr.r.i o RA'MS 


groups 

1 

Up to 300 

■ Up to 600 

Up to 700 

Over 700 

I 

16 

(21 6 per cent ) 

1 25 

(33 8 per cent ) 

4 

(6 4 per cent ) 

29 

(39 2 per cent ) 

n 

4 

(9 5 per cent ) 

17 

(40 6 per cent ) 

8 

(19 0 percent ) 

13 

(31 0 per cent ) 

m 

1 

2 

(4 9 per cent ) ] 

(26 8 per cent ) 

4 

(9 8 per cent ) 

24 

(68 6 per cent ) 

i\ 

NU 

3 

1 (8 1 per cent ) 

4 

(10 8 per cent ) 

30 

(81 1 per cent ) 
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Tlie percentage contribution of caloiie.s from fats and oils changes in the 
opposite direction 


Table VII 

Percciiiage incidence of average mlale of calories per consumption 
unit per diem from cereals^ pulses, fats and oils 
in different income levels 


Familj groups 

I’crccntago of 
caloncs from 
ccrcala 

Percentage of 
caloncs from 
pulses 

Percentage of 
calories from 
fat-s and oils 

I 

80 32 

i 

J2S3 

3 91 

II 

77 05 

10 42 

' 500 

III 

G3 02 

10 34 

9 69 

IV 

5104 

11 70 

! 16 16 

1 


Proximate principles 

The intake of the different nutrient pimciplas in the food per cousmnption 
umt per day in each of the families under investigation nere calculated from the 
table of food values contained m He<ilth Bulletin No 23 (1938) and previous 
pubhcatioDs by the author (Mitra, 1938, Mitra, Mittra and Roy, 1940) on the 
subiect Average intake per consumption umt pei day in each of the groups is 
shown in Table VIII — 


Table VIIL 


Average intake of miirient principles per consumption unit per day in 

the different groups* 


Family 

groups 

Protein, | 
g 

Fat, 

g 

Carbo 

hydrates, 

g 

Calcium, 

g 

Phos 

phoniB, 

g 

Vitamin A, 

I U i 

1 

Mtamin B,, 

I u 1 

Vitamin C, 
mg 

I 

99 2 

24 3 

612 3 

0 710 

j 2 306 

1 

I 4,620 

1 

1,036 

137 

i 

II 

104 2 

29 7 

699 2 

0 602 

2 630 

! 3,400 

1,134 

68 

III 

102 7 

63 1 

603 2 

0 840 

2 329 

2,724 

1,004 

101 

IV 

1 

99 4 

79 3 

624 1 

0 901 

■ 

2 322 

' 3,739 

910 

163 


* Dotaiied data may be had on reference to the autlior 


Intake of fat m groups I and II was somewhat low The average figures for 
consumption of vitamin A in the fanulies comprising groups II and III was on 
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Table XJI 

HagJit and sitting height in inches and weight in 'pounds of children 

in coal fields 



The means are sunilar to those recorded for !JIadrassi and Assamese children 
(Aykroyd and Knshnan, loc cit , Wilson and Slitra, loc cit ) bnt below those of 
children in Najafgarh, Delhi piovince (Shoune, 1939) The boys were found to 
be taller and heaner than the girls m the same age group 

Climcal examination 

The state of nutrition of the children was assessed chmcally accord- 
ing to the standard described previously by the author (Mitra, 1940a) as 
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good , fair and ‘ poor ’ The results of the examination are shown in 
Table XIII — 


Table XIII 

Faliny oj stole of nutnlion of children hy clinical eravnnalion 


Sex 

Number i 
examined j 

Good, 
per cent 

Fftir, 
per cent 

Poor, 
per cent 

Bojs 

1,042 

2 40 

73 90 

23 70 

Girls 1 

1 

479 

2 30 

78 08 

10 62 

All clnltlron ! 

1 

1 

2 37 

75 21 

22 42 


All tliese children were further exanuned for the presence of xerophthalmia, 
phrynoderma and angular stomatitis These conditions are beheved by a large 
majority of workeis to be associated mth intake of food deficient m qnahty As 
any one cliild may suffer from more than one deficiency condition column (e) of 
Table XIV gives the percentage of children mamfestmg either one or more than 
one signs of deficiency Tlie girls weie found to be in a better state of nutrition 
than the boys The children were also examined foi the incidence of canes and 
malocclusion of teeth It was found that 10 36 pei cent of the boys and 7 52 per 
cent of the girls showed e^^dence of gross caries visible on rapid inspection mthout 
the use of probe or mirroi, while 37 71 per cent of the boys and 38 20 per cent of 
the girls displayed some degree of malocclusion 


Table XIV 


Peicenlage incidence oj chmeal signs sugijiosed to be associated 
with deficient dielauj 


(a) 

w 

(c) 

1 (d) 

(c) 

Sexes 

j 

Phrynoderma, 
per cent 

Xerophthalmia, 
per cent 

1 Angular 

stomatitis, 
per cent 

Percentage of 
children Buffenng 
from (6), (c) or (d), 
per cent 

Boys 

6 05 

7 96 

6 06 

20 1 

Girls 

6 01 

4 17 

6 06 

16 0 

[ 

All children 

6 72 

6 77 

6 05 

18 6 
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Kxudsfn-Schiotz sign 

Bigwood (1937) m tus note on the ‘ Method of assessing the state of nutation 
of chilien and adolescents considered m relation to defective diet ’ mentions the 
exaimnation of the dorsal median furrow as a test for the state of nutation. It 
has heen clamied that in the subjects suffering from defective nutation the median 
furrow (locatmg the tips of the spmous processes of the vertebrse and the mter- 
connectmg hgaments) is broken or unduly smuous In the present study all the 
children (1,012 boys and 179 girls) previously referred to were particularly exaimned 
for this sign and those mth broken or unduly smuous median furrow have been 
classed as ‘ unsatisfactory ’ and the rest as ‘ satisfactory ’ According to this 
cntenon 285 boys and 136 girls have been rated as ‘ unsatisfactorv ’ or malnourished 
(Table SAO 

By this method a higher percentage of children was selected as ‘ malnourished ’ 
as compared to the climcal ratmg by naked-eye examination or incidence of 
signs of deficiency Further work on this test is necessary before any conclusions 
as to its practical value can be dravTi 


Table XV 


Knudsen-Schwiz index of the children 
{Examination of dorsal median furroiv ) 



Examc-ation or dobsal siediak rtraBow 

£>ei of cMldren 

Satisfactory 

Unsatisfactory 

1 

Total number 
of children 

Bovs 

1 

1 757 

(72 6 per cent ) 

285 

(27 4 per cent ) 

1,042 

(100 00 per cent ) 

Girls 

343 

(71 6 per cent ) 

136 

(28 4 per cent ) 

479 

(100 00 per cent ) 

All children 

1,100 

(72 3 per cent ) 

421 

(27 7 per cent ) 

1,521 

(100 00 percent ) 


Stoeuary 

1 A diet survey of 19-t fanuhes emploved m a coal mrmng settlement m 
Biluir was earned out in September to December 1939, and March to April 1940 
The famihes were dmded mto four mcome groups with monthly mcome per famdy 
of (a) up to Rs 15 (6) overRs 15 to Rs 30, (c) over Rs 30 to Rs 50 and (d) above 
Rs 50 ])ut not exceedmg Rs 200 With Increase m income the number of 
dependants in the family also mcreased 
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2 Average calorie intake per consumption umt was satisfactory but 20 and 
10 per cent of families in the lowest income groups respectively had an intake of 
less than 2,500 

3 Consumption of milk, fruits and meat increased ivith increasing income 
On the other hand, the poorest families consumed more leafy vegetables The 
diets of a considerable percentage of famiUes were deficient in vitamins A and C 

4 The state of nutrition of 1,521 children was investigated by climcal assess- 
ment and by recording the presence or absence of xerophthalmia, angular stomatitis 
and plirynodernia Some 22 per cent ivcre found to be in a poor stote of nutntion 
by method of chmeal assessment, while about 18 per cent were sufienng from 
deficiency diseases (xerophthalmia, phrynoderma and stomatitis) 
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INirESTIGATIONS INTO THE EPIDEMIOLOGY OE 
EPIDEmC DROPSY 

Part X 

A NOTE ON AN OUTBREAK OF EPIDEMIC DROPSY ASSOCIATED 
WITH THE USE OF MUSTARD OIL PRESSED FROM SEEDS 
ADULTERATED WITH SEEDS OF 
ARGEMONE MEXICAN A 

BY 

R B LAL, MB, BS, DPH, BTM & H, DB, PNI, 

ANT) 

A C DAS GUPTA, i it f 

(An Inquiry uiider the Indinn Research Fund Association ) 

(From the Department of Vital Statistics and Epidemiology, All-India 
Institute of Hygiene and Public Health, Calcutta ) 

I 

[Received for pabbcation, Jnlv 11, 1940] 

The scene of tFe outbreak was a remote nllage in Nortbern Bengal It is 
entirely an agncultural commumty consisting of 89 persons belonging to 11 
famibes The people have few wants and, therefore, have httle contact ■with the 
outside -world Only one person amongst them was regularly m contact -with 
another -village where he served as a teacher He lived there during the week days 
and came home on -week-ends and hohdays The monotony of isolated life was 
broken only twice a week -when villagers visited the hat (bi-weekly market) held 
m a neighbounng village about two rmles away 

So far as could be ascertamed, general health of the people, pnor to the out- 
break, was good, at any rate, and no c-ases of epidemic dropsy had occurred in the 
village or in the neighbourhood The present outbreak commenced on the 7th 
Apnl, 1940, when two famibes were affected Three other famdies were affected 
later A sketch plan of the -village sho-wmg the location of houses occupied by 
different families is sho-wn in the Map Details regarding the number of persons 
in the famibes and the dates of the occurrence of the first cases are shown m Table I 
Since the investigation was earned out about 2 months after the beginning of the 

( 157 ) 
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SKETCH MAP 

OF THE VILLAGE SHOWING AFFECTED AND 
UNAFFECTED FAMILIES AND THE DATE 
OF ATTACK OF THE FIRST CASE 
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outbreak, it \sa8 not found possible to work out m detail the chronological older 
of all the cases 


TA.BLt, I 


CJironologicnl order of occurrence of first cases in the families 


Family 

number 

Date of onset of 
first case in the 
familj 

1 

Xumber of 
family 
members 1 

1 

Xumber of 
yiaitors 

Number of 
cases m 
the family 

2 

7th April, 

1 

1940 1 

1 

; 4 

1 

6 

S 

7th „ 

1940 

5 


5 

8 

' 12th , 

1940 

1 3 


3 

7 

1 13th , 

1940 

! ® i 


5 

10 

1 30th „ 

1940 

1 7 

1 

1 


6 


Totals 


1 24 

1 

1 

24 


As will be seen from Table I, a remarkable feature of the outbreak is that 
every member of the affected famibes save one stiifered from the disease, while none 
of the members of the other famihes was attacked although these famihes uere 
occupymg adjacent houses The single exception was a young mamed noman 
who had been away from the laUage for a considerable time pnor to the outbreak 
aud who did not rejom the farmly till a few days after the occurrence of the last 
case m the family The nsitor was residmg in the affected fanulv dunng the epi- 
demic and became lU soon after retummg home in another village She developed 
mild symptoms In a small village community like this there is naturally a consi- 
derable amount of personal contact, particularly when all the lullagers belong to 
one community as in the present case 

At the time of our visit, out of 24 cases 17 were stiff iff exhibiting typical 
signs and symptoms of epidenuc dropsv An analysis of results of chnical examma- 
tion are given m the Appendix 

Pieces of skm sections were obtamed m two biopsies The microscopic 
appearance of skm sections (as seen m Plate IV, figs 1, 2, 3 and 4) is typical of 
epidemic dropsy {vide Shanks and De, 1931 , Chopra, Chaudhun and Panja, 1935 , 
Lai, 1938) There is a thick deposit of melamn m the deeper layer of the rete 
PapiUee are flattened out in some parts due to interpapillary oedema Elsewhere 
they are well marked Interpapillary vessels are dilated and contam blood cor- 
puscles There are many young capiUanes with their hmng endothehal cells nch m 
protoplasm Some dilated vessels are seen m the rete mucosa Collagen is thick 
and fibres are loose and cedematous Bunches of dilated young capiUanes are 
seen all through the subcutaneous tissue and in the adipose layer There is a 
considerable amount of perivascular infiltration In some parts of the subcutaneous 
tissue there is a large amount of evtraiasated blood 
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^ Age and sex distributions ol cases and non-cases are shown m Tables II 

Table II 

Age distribution of cases and non-cases 


Ago 

group? — 

0 - j 

i~ 

{ 

1- 

3- 

B- 

j 

J5- 

25- 1 35- 

1 1 
1 i 

1 45- 

65- 1 

65- j 

< 




i 




1 

f 




o 

H 

Case? 

' 0 

0 

! 0 

0 

' 0 

® I 

1 ! 7 i 

! 1 

1 

0 

24 

Non cases 

0 

1 0 

4 

4 

21 

18 j 

8 6 i 

1 2 

1 

1 

1 

0 

66-^ 


Table III 


Sex distribution oj cases and non-cases 


Sex — 

j Male , 

FojnaJc 

1 Torai, 

Cases 

12 

12 

24 

Non case? j 

28 j 

i 37 j 

‘ 05 


There were no infants in the families 

The sources from which the chief articles of food, namely nee and oil, were 
obtained are shown m Table W — 


Tabte IV 


Sources of supply of nee and nmslaid oil of the affected and unaffected 

families. 


1 


SOXTROFS OF lUCE SUPPLY 


SoirROPS OF MPSTAHD 
OIL SUPPLY 

Families 

1 

From own 
paddy 

1 ‘ 

1 

Paddy purcliased 
from otlier 
villages 

Purchased rice 
from otlier 
villaga? 

i 

Begging 

Local 

ISlti 

Bi weekly 
morket 

Affected 

1 1 

' 3 

1 

1 

1 1 

0 

5 

0 

Unaffected 

5 

0 

t 

0 

1 

0 

6 


The dates on which the different fainihes pnrcliased oil prior to and during 
the outbreak could not be definitely ascertained, nor the exact information regard- 
ing the amount of oil purchased each time could be obtained However, the fact 
remains that whatever oil the affected faimhes consumed was obtained from the 
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local JJlu (oil-presser) and that the entire product of the IJlu’s gham (od nuU) 
was consumed by these famdies which mcluded his own It n as only after a large 
number of cases had occurred ainongst this cbentele and the od had come under 
suspicion that the affected famdies sought other sources of supply 


Discussion 

The members of the affected and the unaffected famihes mixed with each other 
very freely before, dunng and after the outbreak Local mquines showed that 
there were no social or economic barriers amongst them The sources of nee for 
each fanuly were different, no two famdies having a common source On the 
other hand, there was a sharp distmction between the affectod and unaffected 
famdies as regards the sources of mustard od Wlide all the affected famdies 
obtamed them mustard od supply from the vdlage Ldlu, the six unaffected famdies 
obtamed then- supply from different dealers in the bi-weekly markets The reason 
for this difference was not clear m the begmmng but on careful mquiry the fact 
was brought out that up to September last year aU the famihes patronized the 
%'dlage LSlu but m that month an altercation occurred between the vdlage head- 
man and the Ulu because the latter had insulted the former m the market by 
demandmg his dues on account of the od supphed The headman boycotted the 
lolu and was able to persuade five other famdies to purchase their od elsewhere 
The other five famihes either on account of the influence of another headman who 
was particularly friendly to the Wu or because of convemence continued to pur- 
chase the od from him Sometimes dunng the last month of March the 7 olu had 
obtained a supply of about 12 pounds of seeds of Argemoiie mexicana from some 
Santal boys On Ivohi's own admission these seeds had somehow got mixed up 
uith his stock of mustard seed The resultmg mixture contamed a high percentage 
of Argemoiie seeds Smee, however, a sample collected on 12th May, 1910, stdl 
contamed 28 per cent of Argevione seeds, it would appear that the practice of adul- 
teration had contmued for some time The lolu unth whom oil-pressmg was only a 
supplementary mdustry used to press about 20 pounds of seeds at a time and not 
more than 40 pounds in a dav His total produce amounted to 6 pounds to 
10 pounds of od a day He, however, u orked the glam according to requirements 
and sold the od only locaUj A small portion of the od, a remnant of the stock 
pressed early in Aprd, contained 5 7 per cent of Argemone od as determmed by 
the colorimetric method (vide Lai, Mukherji, Das Gupta and Chatterji, 1940) 
Smee, however, it had been kept in a glass phial m diffused hght, the chances 
are that the fresh od contamed a much higher proportion of the foreign od A 
sample of od seized from an affected famdy contamed only 3 1 per cent of 
Argemone od Houever, on investigation it uas found that this sample of od 
was not a part of the od obtamed from the lolu but it was a sample of od 
piuchased elseuhere in the same bottle m which the lolxCs od had been stored 

The important facts connected with the outbreak mav be summarized thus 

(1) There was a close contact amongst all the villagers all through 

(2) The source of nee supplv was individual 
J, MS 


11 
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(3) Mustard oil consumed by all the affected families was obtained from a 

common source The unaffected famihes purchased their mustard 
oil elsewhere 

(4) Witlnn a fortnight previous to the outbreak mustard seed from wluch 

the oil was expressed for distribution amongst the would-be affected 
families was grossly adulterated with seeds of Argemone meximna 

(5) The oil pressed from the adulterated seeds presumably contamed over 

5 7 per cent of Argemone oil 

(G) The highly contaminated oil was used by the affected famihes for a 
period of at least 10 days before the outbreak m quantities estimated 
at I ounce or less per head per day At the lowest estimate each 
affected mdl^^dual prior to sickness consumed Argemone od 
representing 25 mg of the reacting substance The actual amount 
might have been twice this figure or even more 

(7) That in all probabihties the practice of adulteration contmued for some 

time subsequent to the occurrence of cases 

(8) All the persons who partook of the contaminated oil suffered from a 

disease exhibiting typical signs and symptoms of epidemic dropsy 
None of the persons -a ho did not consume the oil suffered 

(9) The disease was of a severe type both in its chmeal manifestations and 

as regards the number of persons mvolved 

(10) Besides contamination of the mustard oil no other factor common to 
the affected famihes which might have been introduced recently 
could be discovered 

In view of the observations previously reported by us (Lai, he cit , Lai and 
Roy, 1937, 1939 , Lai, Mulcherji, Roy and Sankaran, 1939 , Lai et al , 1940) and by 
other workers (Chopra, Pasricha, Goyal, Lai and Ren, 1939) the inference that the 
disease was caused by the ingestion of mustard oil contarmnated vuth oil of Arge- 
inone memcana is obvious Tins outbreak furmshes perhaps as close a parallel of 
a deliberate, well-controlled experiment conducted to incriminate Argemone oil as 
could possibly be expected 

A comparison of the results of a human expeiiment (Lai and Roy, 1939) and 
the observations made in the present outbreak draws attention to an important 
fact While the average period of the appearance of first cases after the commence- 
ment of the adulterated oil was probably about the same m the two instances, the 
severity of the disease in the village cases was much greater than m the experimental 
subjects even though the former had consumed the oil in much smaller quantities 
One of the reasons of this difference may partly be that the villagers being ignorant 
of the cause of their trouble contmued the use of the toxic od for a long tune but 
there is also an obiuoiis explanation, namely the difference in the concentration o 
Argemone od in mustard oil The oil used in the experiment contamed 4 0 per cen 
of the toxic oil, whde the kolu's od contamed 6 7 and probably higher percentage oi 
Argemone oil As a rough estimate, the average total amount of poison represented 
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by tbe reacting substance consumed by tbe victuns of tbe outbreak probably 
amounted to twice or more of that taken by tlie experimental subjects 

SxniMARY 

1 An outbreak of epidermc dropsy winch occurred m a remote part of Bengal 
where the disease had not been known previously has been desenbed 

2 It was confined to a group of five famihes aU but one member of which 
including a visitor were affected The smgle person who formed the exception 
had been away and did not return tdl a few days after the occurrence of the last 
case m the family The disease was of a severe type mvolving 24 persons Three 
cases ended fatally 

3 A factor common to all the affected famihes and not so to the unaffected 
famihes was the source of mustard od The opportumty of contact between the 
members of the affected and unaffected families was apparently the same as 
between the members of the famihes of the two groups Source of nee was 
individual for each fanuly, whether affected or not 

4 Pnor to the outbreak there was gross adulteration of mustard seeds with 
Argemone seeds m the house of the lolu who regularly supphed mustard oil to the 
families subsequently affected mcludmg his own 

Conclusion 

The facts revealed m the mvestigation strongly support the conclusion that 
the consumption of mustard oil contammg Argemone od gave nse to an outbreak 
of epidemic dropsy of a severe type The mcnminated od which contained at least 
5 7 per cent of Argemone od was consumed, on an average m amounts ranging 
from i oz to I oz daily for 10 days or more by most of the victims 
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APPEN 
Clinical examina 

All the 26 persons in the afecled families gave history of intestinal disturb 
Of these 12 were examined in detail The mam signs and symptoms 
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BIX 

TION OF CASES 

ances and fever followed by oedema of legs, pigmentation and breathlessness 
exhibited by the cases whose Instones were recorded are shoicn below — 
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INVESTIGATIONS INTO THE EPIDEMIOLOGY OF 
EPIDEMIC DEOPSY 

Part XI. 

BIOLOGICAL TEST OF SPECIFIC TOXIN IN SAMPLES OF OIL 

BY 

R B LAIj, mb,bs,dph,dtm & h,db,fni, 

S R CHATTER JI, mb, bs, dph, dtm, 

S P A.GARWALA, m a , ll b , 

AND 

A C DAS GUPTA, l m f 

{An Inquiry under the Indian Research Fund Association ) 

{From the Department of Vital Statistics and Epidemiology, All-India 
Institute of Hygiene and Public Health, Calcutta ) 

[Received for pnbbcation, August 27, 1940 ] 

The dcYelopment of the physical and chemical tests, reported m a previous 
conunumcation (Lai, Mukherji, Roy and Sankaran, 1939), by means of irhich 
supphes of mustard od contaimng the toxic substance responsible for the epidetmc 
dropsy syndrome can be detected marks an important advance m our knowledge 
on which practical control of the '^lisease should be based but the chemical nature 
of the toxic substance still remains imdetermmed Apart from the theoretical 
mterest, this unsolved problem came unexpectedly to the fore in connection with 
our endeavours to develop a test for quantitative estimation of the toxicity of 
oil As reported m Part IX of this senes the reactmg substance m the toxic od 
suffers a progressive dimmution vhen the latter is exposed to sunhght, especially 

( 167 ) 



168 


Epidemiology of Epidemic Biopsy 

m the presence of air The question naturally arises whether or not the loss m the 
reacting element of the oil is accompamed by a corresponding reduction in its toxic 
contents The answer to this question will naturally depend upon the relationslup 
which exists between the reacting molecule and the toxic factor If the two are 
identical, the quantitative chemical test will be a faithful indicator of the toxicity 
of the oil Q’hc same will be the case if tw'o diiierent substances are responsible 
for toxncitj^ and reactivity but both are present m the oil always m the same 
proportion and are equnllv susceptible to the influence of light and air and of other 
possible factois adversely aftccting them If, on the other hand, neither of these 
propositions holds good, the value of the chemical test will be limited and the 
quantitative test wall lose all its significance To clear this pomt and indeed to 
solve a number of issues m connection wuth the nature of the toxic substance and 
its relation to the reacting sulistance appeal has finally to be made to the clmical 
test on human subjects However, as premously mentioned, facihties and oppor- 
tumties for conducting human experiniepts are extremely restricted Under the 
circumstances the search for otlici biological tests becomes imperative Reference 
has already been made (Lai el al , loc cxi ) to the unsuccessful attempts made for 
the development of a skin test on human subjects The problem, therefore, 
resolved itself to a search for an amnial which might react to the toxic substance 
responsible for the svmptoms of epidemic dropsy in a manner identical or similar 
to human subjects 

Two series of feeding experiments on animals have been described m Part YI 
of the senes The animals used w'eie rats, cats and monkeys The results indicated 
that allylisothiocyanate had no effect on these animals unless added m excessive 
quantities when it caused some loss m weight On the other hand, a supply of 
mustard oil (to lie called ‘ S ’ for short), wdich had been incriminated on epidenno- 
logical grounds, proved ‘ toxic ’ to rats in the first senes of experiments inasmuch 
as it caused reduction in weight and early death Heat did not reduce the toxic 
properties of the oil Howca er, it failed to pioduce signs and sjmptoms of epidemic 
dropsy as seen in man Another suspected supply of mustard oil (‘ K ’ oil) wwa 
found to be ‘ non-toxic ’ An interesting fact winch emerged from the second 
senes of experiments was the ‘ non-toxicity ’ of ‘ S ’ oil which was then about a 
month older than at the time of first experiment It may be mentioned here that 
defimte expermiental evidence of toxicity to human subjects was lacking both in 
the case of ‘ S ’ and ‘ K ’ oils Monkeys refused food containing oil and w ere, 
therefore, unsmtable foi feeding experiments Cats w^ere the best ammals m tins 
respect Since, how^ever, no symptoms resemblmg epidemic dropsy could be 
induced m the ammals used in experiments so far reported much confidence could 
not be placed on the biological test for estimating toxicity of oils or then fractions 
in respect of epidemic dropsy Now that we have good reasons to beheve that 
the source of the toxic substance is argemone od, the problem has assumed a 
different aspect While formerly we were not in possession of sufficient quantities 
of oil of proved toxicity which we could employ m ammal experiments, we could 
now prepare mixtures of different grades of toxicity as desired The problem has, 
thereWe, been further investigated 
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In tie absence of our ability to induce signs and symptoms of epidenuc 
dropsy m experimental ammals, three cntena for suggesting the toxicity of oils 
or their fractions are available — 

1 Eate of change m weight m growing ammals 

2 Time to death 

3 Histological changes m tissues J 


Experiments on rats 

The following materials were used m these tests — 

1 Pure mustard oil obtamed from a local jail 

2 Smce mustard od itself was not wholly agreeable to rats some rats were 
fed on ghee (clanfied butter) to see if by this means proper growth of 
the animals could be obtamed 

Pure argemone oil 

Ten per cent argemone oil in mustard oil 

A sample of epidemiologicaUy incrmunated mustard oil which had 
been proved toxic by means of a human expenment (Eangpur oil, 
tjtde Lai and Eoy, 1939) 

A sample of suspected mustard oil of unknown toxicity obtamed from 
the field (‘ suspected od ’) 

The basic diet on which the rats were fed was the same as used m the previous 
experiments {vtde Lai, Ahmad and Eoy, 1938) 

(1) Time to death * — ^In many of the groups not exceptmg those put on ghee 
and mustard od some of the rats died early From the post-mortem appearance 
these fatahties appeared to be non-specific Moreover, m the expenment with 
Eangpur od (group V) the rats were killed at regular mtervals to watch the progress 
m pathological changes if any For these reasons it is not possible to obtam any 
mdication of toxicity or otherwise of any of the materials tested, on the basis of 
time to death All that can be said is that healthy animals can hve for long penods 
when fed on the materials tested 

(2) Rate of change in u eight — It is usual to give the average changes in weight 
durmg the experimental penod for each rodent IVhde these figures m a rough 
way give mdications of the toxicity of the matenals tested, thev fad to convey the 
whole information because m the first place the rate at wluch the rats gam weight 
will depend upon the age or the growth phase of the animal which fact is not taken 
into account and in the second place we do not get anv mdication as to the stage 


4 

6 
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* Detailed data have been omitted to save space 
author 


Those deairmg full details may write to the 
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of the experiment at which loss in weight, if any, takes place Unfortunately, 
we did not possess correct mforniation about the exact age of the rats used nor did 
•ue have any expermiental data regarding the growth curve of the normal rats 
under the dietetic and environmental conditions to which they were subjected 
during the experiments However, the rats used were Mus norvegmis and belonged 


Graph 1 

Orowtlb of femdle rats fed on pure mustard oil 



to albmus stram and, therefore, we have assumed that prior to the expenmenfe the 

female ammals were subject to the growth curves described bv 

In the case of male rats, the skew logistic curve devised by Pearl (192b) rr 

Donaldson’s data was assumed 
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The problem therefore may be stated as follows — 

1 Whether rats treated with pure mustard oil foUow logistic curv'^e of 
growth and if so whether the curve is identical or significantlv 
difierent from the expected curve of growth subsequent to their 
commencement of mustard od diet 


Graph 2 


Growth of female rats fed on ghee 



2 Whether rats put on other materials follow logistic curve of growth 
and if so whether their curves of growth significantly differ from 
the curve of growth of ‘ pure mustard oil rats ’ 

In Graph 1 is shown the Donaldson curve of growth for female rats In 
general appearance Donaldson’s curve resembles closelv the simple logistic curve 
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like the logistic cun^e fitted to m eekly weights against assumed age of two female 
rate put on mustard oil (Nos 132 and 133) It also resembles the curve loimug 
the points denoting the m eekly weights against assumed ages of the other two rate 
put on mustard oil (Nos 59 and Gl) 


Graph 3 


Groivth of a female rat fed on 10 per cent argemone oil in mustard oil 



In Graphs 2, 3, 4 and 5 are shown the weekly weights against assumed ages 
for female rats put on ghee, on 10 per cent argemone oil, on Eangpiir oil and on 
‘ suspected oil ’ respectively Corresponding graphs for male rats are Nos 6 (pure 
mustard oil), 7 (ghee), 9 (10 per cent argemone oil), 10 (Eangpur oil) and I 



R B Lai, S R Chatterp, S P Aganoala and A C Das Gupta 173 

(‘ suspected oil ’) For purposes of comparison, on the graphs of male rats is 
depicted the skevr grois'th curve of Pearl fitted on Donaldson’s data for male rats 
together vrith two dotted curves showmg the range of variation eqmvalent to tince 
the standard deviation 


Gkaph 4 

Growth of female rats fed on Rangpiir mustard oil 



The Appendix contains a discussion of the mathematical reasomng regarding 
the nature and significance of the vanous observed curves of growth, to which 
reference may be made for a critical esammation of the statements which follow 
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However, the mam facts are sufficiently obvious to be appreciated by a perusal 
of the graplis, namely — 

111 the case of female rats (Nos 132 and 133) the grou-th curves are consistent 
uith the logistic law, but the two curves are materially different from one another 


Gkaph 5 

Growth of female rats fed on ‘ suspected ’ mustard oil 

300 


ZZO 



as also from Donaldson’s curve of growth The period of observation of the other 
two female rats on pure mustard oil is not sufficiently long to permit of a curve 
bemg calculated but the general trend appears to be consistent mth logatic eu^e 
though matenaUy different from Donaldson’s In the case of male rats the number 
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of observations are too small but even when they are fairly large as in rat No 131 
the growth rate does not satisfy the law of logistic growth This is probably due 
to some unknoini crrcumstances depressing its growth m the 6th week, and although 
no defimte statement can be made the general trend in both cases appears to follow 


Graph 6 

Groioth of male rats fed on pure mustard oil 

300 



more or less the logistic curve Here agam the rate of growth is depressed as 
compared with that of Donaldson’s rats So also is the case with the 4 female 
rats ]ust considered The question arises whether the mustard od depresses the 
rate of growth of the rodents or the observed lower rate of growth is wholly or 
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partly due to tlie unsuitability of tbe basic diet or of the environmental conditions 
A partial answer to tins question is provided by a perusal of Graphs 2 and 7 for 
it IS seen that both in the case of female and male rats the curves of growth for ghee 
treated rats follow closely those of Donaldson’s rats In the case of males the 
observed points remain well nuthin the range of plus or minus twice standard error 


Graph 7 


Growth of a male rat fed on ghee 



thus suggestmg that the depression of growth ciuve in the case of mustard oil ^eated 
rats could not be due to the environmental conditions However, the ghee 
rats were not followed for a sufficiently long period to justify calculations ot tneiv 

curve of growth mathematically. 



Weight in grammes 


R B Lai, S R Clmiterji S P Aganvala and, A C Das Giipfa 177 

Graph 8 ■which shows the age-weight cur\'’e of pure argemone oil treated male 
rats presents quite a different picture Almost immediately after the commence- 
ment of the experimental diet the ammals depart trom the expected curve of groirth 
and though still in the loganthouc phase of growth on account of age they show a 

Graph 8. 

Growth of male rats fed on arqemone oil (pure) 
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loss in Tveiglit The curves are in fact obviously different from Pearl’s curve as 
ako from the curve of mustard oil treated rats The same remarks apply to the 
female and male rats put on 10 per cent argemone od and on Rangpur oil (vide 
Graphs 3 4, 9 and 10) 

J, MR 
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In tlic case of ‘ suspected od ’ {vide Graphs 5 and 11), the results cannot he 
definitely interpreted because it is not possible to differentiate the curves of growth 
of these rats Iroin those of rats put on pure mustard oil If it is permissible to 
accept the view that the marked depression of growth show n by rats put on argemone 


Graph 9. 


Grmvth of male rats fed on 10 per cent argemone oil in mustard oil 



or Rangpur oil is an evidence of toxicity of these oils then it may be stated that 
the toxicity of the ‘ suspected oil ’ remains unproved 

Pathological changes —The depression in the rate of growth, however, does 
not prove the specificity of toxic property of oil in relation to epidemic dropsy an , 
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therefore, this test by itself though highly suggestive cannot suffice for detection 
of specific toxicity As has been noted previously the animals do not exhibit any 
signs or symptoms comparable to the disease as seen m'man One ivay of approach 
to the problem is to see whether the rodents put on argemone oil or oil proved 

Graph 10 

Orowth of male rats fed on Rangpiir mustard oil 
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positive for the specific toxic substance by human experiment, could mduce patho- 
logical changes in tissues simulating those seen m patients of epidenuc dropsy 

The essential histological changes induced by the disease in the various tissues 
and organs of man consist of the appearance of a large number of young and dilated 
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capillaries One of the cliaracteristicB of the young capillanes is that they are 
lined i\ith active endothelial cells containing a considerable amount of protoplasm, 
both the nucleus and protoplasm taking up deep stain Besides, there is a great 
deal of proliferation of endothehal cells around the dilated vessels The pathologi- 
cal changes are readily seen in the skin (Lai and Das Gupta, 194-]) According 


Graph ]]. 

Grcrioth of male rats Jed on ‘ suspected ’ mustaul oil 
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to Chopra. Chaudhox, and Panja (I»), “ 

there is papillary and f^^n of ^^e^ia 1 shown by the looseness 

In the subcutaneous tissue there tie cedematous collagenic fibres 

of the connective tissue fibre and increase 
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The normal rat skm {vide Plate V, fig 1) resembles the human skm generally, 
although the appearance is greatly modified due to larger number of hair folhcles 
and the smaller thickness of the various layers, particularly of the Stratum conuni 
Hovever, the mam features of histology with vhich we are concerned, e g the non- 
patencv of capdlanes and the frequency with which they are seen m slnn, are 
common to both man and rat 

Neither the record of changes m the capdlanes nor the extent of tissue changes 
obsera^ed m individual rats used m the experiment can be adequately represented 
in a tabular form A better idea may be obtamed from the microphotographs of 
the sections of skm and other organs {vide Plates V and VI) A bnef descnption 
of the observed changes is given below — 

Rats Jed on jnire mustard oil — Skm smps were taken at anproximately fort- 
mghtly mten'als 

Of the 3 rats (Nos 131, 132 and 133) 2 (Atos 131 and 133) showed \ery fev 
ddated and engorged papdlary blood vessels m the skm after 20 days of feedmg 
After 54r days’ feedmg some mcrease m the coUagemc fibres was observed m skm 
sections of aU the 3 rats, but there was no evidence of vasculanzation The same 
was true of skm section of one of the rats fed for 70 days {vide JPlate V, fig 2) 
No signs of oedema were noticed Vessels of heart, lungs and kidneys showed 
engorgement in all the ammak 

Rats fed on argemone oil — T}'pical pathological picture of advanced changes 
effected m the skm of rat by mgestaon of toxic oil were demonstrated m rat No 109, 
94 days after the commencement of experiment {vide Plate V, fig 3) A large 
number of highly ddated capdlanes engorged with blood is seen m the denms 
There is penvascular mfiltration of endothelial cells The coUagemc fibres are 
thickened Eat Ro 110 vhich died of congestion of lungs on the 33rd dar of 
experiment did not present demonstrative histological changes 

Rats fed on 10 per cent argemone oil rn mustard oil — ^Rats Nos 128, 129 and 
130 recei\ ed this od Smps of skm were taken at about fortmghtly mtervals 
and the animals were stunned to death after 51, 64 and 55 days respectively In 
No 128, a large number o^ ddated capdlanes was observed m the dermis of smps 
f-aken on the 51st day but not m the ones taken pnor to that day Heart, lungs, 
kidneys and mtestme v ere found congested In the senes of skm sections of rats 
Nos 129 and 130 more marked progressive changes vere observed than m No 128 
Thus, m rat No 130 whde m the skin smps taken on the 19th day except for mcrease 
m coUagemc fibres no defimte changes could be demonstrated, m the one taken on 
the 33rd day marked mcrease in the number of ddated capdlanes and ceUular 
mfiltration a as observed {mde Plate VI, figs 5 and 6) llore marked chanties 
V ere seen m the section taken on the 55th day (Plate VI, fig 7) A large number 
of new capdlanes was observed m the heart of No 129 {vide Plate VT, fig 8) Most 
of the internal organs of Nos 129 and 130 showed congestion 

Rats fed on Rangpur oil — In this group ammals were kdled at penodic mtervals 
to find out if any progressive histological changes were takmg place In ammals 
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Nos 95 and 96, killed on tlie 16tL and 26th days, no changes were observed in the 
histolog}' of skin but congestion nas found in internal organs In annuals Nos 99 
and 100, killed on the 00th day, there was considerable increase in the number of 
dilated capillaries in the Stratvm conwn together with penvasculai infiltration of 
endothelial cells Changes were similar to those seen in rat No 109 Masses of 
endothelial cells n ere also observed scattered about the denms in close relation to 
capillaries Collagenic fibres in the connective tissue of the skin were greatly 
increased {ride Plate V, fig 4) No sign of oedema was, houever, noticed MTnIe 
these changes vere quite marked in these ammals, rats Nos 97 and 98 which were 
killed earlier (29th and 40th da} s) also showed sirmlar changes but m lesser degree, 
thus suggesting that the changes nere progiessive 

The abo\ e description and a perusal of the figures m Plates V, AT and ATI 
brings out the folloiving points — 

There is a considerable amount of vascularization of the sIm and of internal 
organs in the rats fed on oil contaimng argomone oil or samples of mustard oil gi\uug 
the reactions for this oil However, the control group, namely the rats fed on 
mustard oil, also shovs dilatation of vessels in skin, but the difierence between the 
two series is niainl}' in regard to amount of vascularization In the group of rats 
fed on toxic oils there is considerable mciease m the number of young capillaries 
and in perivascular infiltration of cndothehal cells 

Changes m the lustological structure of skin in the toxic oil senes are character- 
istic and closely resemble those induced by the disease in man These changes are 
progressive in natiure as may he seen from Plate A^I, in ammals in which the 
biopsies were carried out at roughly 15 days’ intervals There is, however, one 
important difference between rat and man, namely the absence of cedema m the 
former case 

Thus, it is seen that young rats may be used as test ammals for ‘ suspected 
mustard oil ’ and for the suspected compounds denved from such oil 


Experiments ivith other animals 

Cats — A senes of experiments was conducted on cats In this case besides 
pure mustard oil, oh^ e oil was also used as control and 5 per cent argemone oil in 
pure mustard oil was employed as a check No expenment was performed with 
the suspected oil referred to above but Rangpur oil was used 

Moriahiy — Of 8 cats put on pure mustard oil only 2 died early, namely 
on the 11th and 36th days, the rest wuth one exception survived till the end of the 
experiments which lasted from 65 to 120 days The one that died on the 11th 
day rapidly lost weight from the very begmmng and on post-mortem it was found 
to have pneumomc patches in the base of lungs 

None of the 2 olive oil cats died till the end of the experiment 

Of the argemone oil group both the cats died , one on the 34th day and the 
other on the 74th day 
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7 Skin of rot (No 130) fed on nrgomone oil 
(10 per eent) for 64 clays Note the 
largo number of dilated capillaries 
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Fig 8 — Heart of rat (No 129) fed on aigemone 
oil (10 per cent) for 64 days 



Plate VII 



Fig 9 — Skxn of normal cat 



Fig 10 — Skin of cat (Is’o 124) fed on pure 
mustard oil for 65 days 
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Fig 11 — Skm of cat (Xo 116) fed for 
52 da\s 
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Fig 12— Sfan of cat (Xo 116) fed on argemone o 
(o per Mnt) for 70 davs Xote the ma; 
of capillaries in the deeper layers 
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Of 5 per cent argemone oil group one was killed on the 59th day, the other on 
the 70th day In the Rangpur oil group there was heavy mortality, 5 out of the 
6 cats havmg died, 3 within 21 days and the other 2 on the 40th and 43rd 
days The general impression one got from these records was that on the whole 
the mortahty of the cats put on toxic oils took place earher than of those put 
on mustard oil, especially if we ere to exclude the animals that died very early 
presumably from some mtercurrent disease Honeier, this br itself cannot be 
taken as a test of toxicity because one of the cats on pure argemone od sumved 
as long as the 74th day 

Changes tn iceight — Unfortunately we ha%e no basic growth cuiwe of cats as 
we have of rats and therefore it is difficult to come to a defimte conclusion from 
study of the weight records It may, howei er, be stated that all the animals used 
in the experiment were young although their exact age was not known However* 
a study of the average gam or loss m weight per w eek brought out two obvious 
conclusions, namely (1) except m the case of the cat Ho 105 which died very 
early aU other animals put on mustard oil gamed weight which was considerable 
in most instances So was also the case with cats put on ohve od On the other 
hand, the cats put on one or the other toxic od showed only a nommal increase 
in w eight or an actual loss The Rangpur od cats ’ were better off in this respect 
than those on 6 per cent pure argemone od 

Pathological changes — Here also the same t}"pe of changes m histology of skin 
was obsen ed as m the rats but with this difference that whde in the begirming 
progressn e vascidar changes w ere obsen’’ed, later on the i essels, instead of showing 
active Immg cells, exhibited atrophy of these cells and instead of remammg 
engorged with blood they were empty Histological changes are bnefly summarized 
below 

Pure mustard oil group — Sections of skin and organs of ammals Hos 89, 90, 
lOo, 106, 123 and 124 were exanimed Congestion of some of the mtemal organs 
which laried from cat to cat was obsen ed Ho change was observed m the skin 
section m any of the animals {vide Plate "^HI, fig 10) For purposes of companson 
skin section of normal cat is shown m Fig 9 

J rgemone oil group — Collagemc fibres m connective tissue of skm w ere greatly 
mcreased m both Hos 113 and 114 Ho changes m the vascnlanty of the skin 
were observed Internal organs m Ho 113 were found congested It maybe 
mentioned m this connection that these ammals did not retam the food w ell 

Fne per cent argemone oil — ^In both the annuals Hos 115 and 116 a large 
number of capdlanes was seen m the conum of skm after 50 days of experimental 
feeding Peniascular infiltration of endothehal cells was noticed Masses of 
endothelial cells were found scattered m the conum and small capillaries were seen 
in their midst The collagemc fibres were mcreased These changes were 


* The actual data hare been onutted to save space, 
m them 


Details can be supplied to those interested 



184 


Epidemiology of Epidemic Dropsy 

progressive as sliown bv skin sections taken at intervals during the course of the 
experiment (vide Plate '^^[1, figs 11 and 12) Internal organs were not much 
anected except the hver which i\as found congested in both animals 

Rangjmr m/— -Slcin and most of the organs were not demonstrablj affected 
Heart showed congestion in botli the cats, while lungs m No 110 and hver and 
kidne 3 "s in No lOd v ere congested 


Oinnca-jiigs — ■Tins animal does not aiipear to be suitable for the test because 
it did not flourish \ erv w ell on pure mustard oil Of the 6 ammals in this group 
3 died and all of them lost weight considerably No experiment was conducted 
with pure argemone oil or known imxtiire of argemone oil in mustard oil but 
experiments w ere conducted wnth Rangpiir oil and with two other suspected oils, 
one of W'hich (Alamdanga oil) was found toxic on human experiment, the other 
(S L oil) w as highly suspicious on epidenuological grounds Congestion of internal 
organs w as observed in all the guinea-pigs irrespective of the ti^e of oil given 
vSkin showed no noticeable changes 


Pigs — ^Tw’o ^ erv > oung pigs w ere employed, one being put on Rangpur oil, 
the other on pure mustard oil These ammals surmi ed 65 da\'s of experimentation 
Both gamed considerable wmight, the one on pure mustard oil having added 
relatii ely a little more weight than tlic other Nothing of consequence was found 
on post-mortem uoi on histological exaimnation ol tissues except congestion of 
kidners in both the ammals 


Summary 

1 Feeding experiments have been carried out on a number of ammals, namely 
rats, cats, gmnea-pigs and pigs, with a view to finding out a smtable biological test 
for the detection of specific toxicity in respect of epidenuc dropsy in samples of 
suspected mustard oil Three criteria have been taken into account, nanielv time 
to death, loss of weight and the characteristic histological changes in the tissue, 
paiticularly the skin 

2 Different batches of rats (Mils noivegicus alhinns) wmie fed on ghee, on 
pure mustard oil, on pure argemone oil, on 10 pei cent argemone oil in mustard 
od, on a known toxic oil (Rangpur oil) and on a suspected mustard oil obtained 
from the field In the absence of knowledge of exact age of the rodents and of the 
growdh curves it has been assumed that prior to the experiment the female rats 
weie subjected to the growth curves desenbed by Donaldson, and tlie male rats 
to the skew logistic curve devised by Pearl on Donaldson’s data The growth 
curves of rats in different groups were then compared w'lth one another and with 
the assumed normal curves of growth 

3 Comparisons of the peariods indicating time to death in the course of 
experiments were made to estimate the toxic influence of the samples The 
specificity of toxic properties of the oil samples was estimated by the appearance 
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of pathological changes simulating those obseri^ed m patients of epidemic dropsy 
m the skm and other organs of test animals The progressive nature of the tissue 
changes was observed in post-mortem material of a n i m als kiUed at mtervals or m 
skm amps obtained m biopsies at regular interv'als 

4r Groups of cats were fed on pure mustard oil, on ohve od, on pure argemone 
oil, on 5 per cent argemone od and on a knoun toxic od (Eangpur od) Points 
investigated were sumlar to those m rats, namelv loss m v eight, tune to death, and 
histological changes in skm and other organs No growth curv'es for normal cats 
were available as m the case of rats but marked differences m weight of these 
animals put on different diets v ere obtained Simdar investigations were earned 
out on gmnea-pigs and pigs The former vere fed on Rangpur od and on two 
suspected od samples Neither of these ammals appeared to be suitable for the 
biological test 


Com LusioNS 

1 Climcal signs of epidemic dropsy could not be mduced in rats, cats, gumea- 
pigs or pigs 

2 Rats and cats but not guinea-pigs and pigs are smtable to senm as test 
ammals for suspected od samples The rats are particularly smtable on accoimt 
of the ease with which they can be handled , besides, they provide a more delicate 
test of toxicity and consume smaller amounts of the od to be tested 

3 Addition of pure mustard od to the basic diet depresses groirth , the 
growth ounces of the rats put on this material, allhough consistent with the logistic 
law, are matenally different and lower than the standard curves The rodents 
put on ghee (clarified butter) instead of od followed the standard cmves of 
growth, thus suggestmg that the depression of growth m the case of mustard od 
rats was not due to mfluences arismg from the environmental conditions of the 
expenment 

Addition of pure argemone od or 10 per cent argemone od m mustard oil or of 
epidermologically incriminated and expenmentaUy proved toxic oil (Rangpur od) 
to the standard diet causes still greater depression of growth cun e which no longer 
follows the logistic law Depression m the rate of growth is also noticed in cats 
fed on toxic oils 

4 Histological changes in the skm of rats fed on pure argemone oil or on a 
mixture of argemone od in mustard od and the toxic mi,stard od (Rangpur od) 
resemble those found m the skin of patients of epidenuc dropsy Thus, in the dermal 
layer is found a large number of dilated capillanes which are absent m the normal 
ammals as also m those fed on pure mustard od There is penvascular infiltration 
of endothelial cells The collagen bundles are mcreased Simdar changes may 
be observed also m heart muscles m certam cases 

Cats fed on toxic od also show simdar changes except that m the later stages 
of the expenment the \ascular vaUs are collapsed and do not exhibit the character- 
istic young endothehal cells 
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APPENDIX 

It has been stated m the body of the paper that the mam arguments are clearly 
indicated m the graphs and require no elaborate statistical discussion Horrever, 
it has been considered desirable to set out the statistical method of approach and 
the hne of statistical arguments developed m the treatment of these data so that 
those mterested in this aspect of the pioblem may be able to follow the subject in 
greater detail 

Theoretically the problem is to compare the observed weekly weights of rats 
put on different treatments with the corresponding expected \ alues for normal rats 
put on the basic diet This comparison could be made m two stages (1) to test 
whether the observed data foUow the logistic law and (2) m case they do, to compare 
the cun^e of growth fitted to the observed data with the cuix’^e of growth fitted to 
the data for rats on basic diet 

For male rats Pearl {loc cit ) has fitted a skew logistic curve on Donaldson’s 
data, the equation to the curve being — 

__ 7 , ^_273 

y — * "t j ^ 3204 - 7 2196x + 30 0878aS - 0 5291®’ 

where y is the weight in grammes and x the age m 100-day umts. 

For female rats we have no such standard curve The only cun^e of growth 
ai adable for the purpose is that given by Donaldson {loc cit ) This curs'e is made 
up of two difierent curves, one a simple parabola — ■ 
y = 8 071 + 0 367a; + 0 OlSlx^ 

for the age period betn een 10 and 80 days, the other a loganthmic curve — 
y — 313 logx — 0 41a; — 498 8 
for the age penod 80 and 365 days 

Onl} in one instance, namely rat No 109, the experimental period is long 
enough for fittmg a skew logistic curve and for companng the fitted curve with 
Pearl’s skew logistic curve However, it is apparent from the graphs that the 
growth curve in this case does not foUon a skew logistic curve The curve has 
therefore not been fitted 

Including rat No 109, there are 9 rats m all, 6 males and 4 females, for which 
the simple logistic hypothesis could be tested To test the hypothesis of the sim ple 
logistic cun^e tno methods are available — 

(1) The direct method Aft«r fittmg the curve the goodness of fit may be 

tested by the method of analvsis of vanance This method requires 
a knowledge of the age of the rats at the commencement of the 
expenment TVe did not have this knowledge 

(2) The second method consists in fittmg a straight hne to relativ e growth 

rates agamst weights which Fisher (1936) has shown to be eqmvalent 
to fittmg a simple logistic curve to weights against time Thus, if 

( 187 ) 
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10 be tbe weight of a rat at time t, the differential 
biinple logistic curve is — 


2 ^ 

w dt 


a — bio 


equation of the 


uhere a and b are two positive constants 


Now, — ( 

^ w dt ^ 

and if we put y = 


dt 


1 dw 

tP dt 


loggia) IS the same as the relative growth rate, 
, the equation becomes y a ~biv w2ich is the 


equation of a straight hue This transformation of a comjihcated equation 
into a straight line simplifies the test for significance and is, therefore, a great 
advantage This method is particularly apt in the present case because a 
knowledge of the actual initial age of the rats is not required 

In order that a straight hnc mav be a good fit to relative growi;h rate agamst 
weight two conditions are to be satisfied The first is that the ‘ sums of squares ’ 
due to the straight line regression must be significant as agamst the sums of squares 
due to deviations from the straight line regression This is a necessary condition, 
but not a sufficient one, i e if this condition is not satisfied the h}q)othesis of the 
straight hne fit falls and there is no need to proceed further "When this condition 
is satisfied we are still not in a position to say that the simple straight hne is a 
reasonably good fit to the datu To be able to say this we have to proceed a step 
further and to test that the reduction in the sum of squares due to deviations from 
regression W’hen a parabola is fitted instead of a straight hne is not significant Thus 
the second condition to be satisfied, after the linear regression function has been 
showm to be significant, is that the reduction in the sum of squares due to deviations 
IS not significant when a second degree parabola is fitted. 

The relative growth rates and the corresponding weights for each rat are set 
out in Table I — 


Table I 


The relahie gioivtk tales of tats against loeeUy iceighis 


Rat 

number 


Weekly 

Relative growth 

Rat 

number 


Weekly 

Relative growth 

Sex 

1 weights 
' (g) 

rates (per cent 
per day) 

Sex 

V, eights 
(g) 

rates (per cent 
per day) 



I 160 

0 47626 




127 

-0 60429 



166 

0 23422 




123 

-0 34667 



1 166 

0 00000 






99 

cf - 

166 

-0 09372 

100 






' 163 

-0 18666 




116 




i 161 

0 04660 




119 




164 

0 14043 





0 11907 


* The geometnoal representation of — is given by G U Yule, in his Presidential 

Address to the Boyal Statistical Society, 1926 
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Table I — concid 


Rat 

number 

Sex 

WecUv 

weights 

(g) 

Relative growth 
rates (per cent 
per day) 

i 

Rat j 
number 

Sex 

Weekly 

weights 

(g) 

Relative growth 
rates (per cent 
per dav) 

' 

r 

140 1 

-0 25429 


/ 

86 

0 67829 

1 

1 




90 

1 30229 

1 

138 

-0 62943 





' 





102 

0 68098 


130 

-0 63736 

130 

cf ■ 

96 

0 14126 


1 128 

0 26967 



103 

0 69279 






108 

0 40443 


136 

0 64014 










109 

-0 13336 

109 



140 

0 36114 





142 

0 39686 

f 


76 

1 36667 


148 

0 09986 



81 

1 30229 






90 

121343 


144 

0 00000 


° ■ 








66 

0 16707 


1 148 

0 29167 



92 

0 07407 

' 

1 160 

0 19043 


, 

97 

0 94407 



138 

-0 35343 



94 

1 68050 



138 

0 10278 



107 

1 47386 







118 

1 11066 



140 

0 30393 





128 





132 

? 

126 

0 62600 

1 

144 

-0 06136 



127 

0 22600 


139 

1 -0 26260 



1 129 

0 43636 

1 

i 

139 

0 10216 



j 135 

1 

0 41036 


1 104 

-0 26465 






103 

0 07567 



91 

0 64636 






94 

0 81607 


105 

I 0 13729 

1 



102 

0 44203 

129 



105 

1 -0 20707 

133 

? -j 

100 

0 06979 


102 

-0 20707 



103 

0 07107 



1 



101 

0 06880 


102 

' 0 20707 










104 

0 14016 

1 

1 105 

0 27486 



1 



In Table 11 are presented the analyses for the 9 rats mentioned above The 
methods of workmg ont this table from the date given in Table I vrll be found 
in any standard textbook on statistics 
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Table II 


Analysts of Danunce of relative grovih rates of rats gmt on different treatments 


Rat 

number 

! 

1 

j Sex 

1 

1 

Source of % anation 

1 

' Sura of 
^ squares 

1 

Degrees 

of 

freedom 

Variance 

F * 

6 per cent 
pomt 
for F 

Remaeks 

j 

■ 

1 

Duo to hnear rcgres 

0 00400 

1 

0 0G400 

1 40 

0 01 

The hypothesis of 



1 

Bion 






logistic curve 

99 

B 

1 

Duo to donations 

0 22843 

5 

0 04509 



falls through 

1 

■ 

1 

from linear regrce 







■ 

1 

Sion 

1 

1 






Total 

0 29243 

1 

G 

■■ 


H 



■ 

1 

Due to linear rcgres- 

0 21002 





The logistic curve 


■ 

1 

Sion 






! hypothesis is not 

100 

B 

1 

Due to donations i 

0 21044 





1 tenable 



1 

from linear rcgres- 








■ 

1 

1 Sion 






1 




Total 

0 42100 

C 

I 

1 

1 

i 



1 


r 

Due to linear regres- 

0 06973 

1 

0 05973 

0 40 

6 12 

The logistic curve 

109 1 



Sion 

1 

i 





h3^othesiB is nn 
tenable 

cT - 


Due to deviations 

' 1 35244 

9 

0 16027 






1 

from Imear regres 







t 

1 



Sion 







Total 

1 41217 

1 

1 

10 





128 


r 

Due to linear regres 
flion 

0 00630 

[ 

1 

0 00030 

0 09 

7 71 

The hypothesis of 
logistic curve is 
not tenable 

d 


Due to donations 

0 29470 

4 

0 07368 







from hnear regres 

I 









Sion 

1 

1 



„1 




Total 

' 0 30JO0 

1 

5 






♦P=ratio of the variance with leaser number of degrees of freedom to the vanance with greater num 


of degrees of freedom 
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Table n — contd 


Kat 

number 

Sex 

Source of variation 

Sum of 
squares 


1 

Vanance 

F* 

6 per cent 
pomt 
for F 

Remarks 



Due to Imear regres 


1 

0-00498 

0 09 

6 61 

The logistic curve 



810DU 






hypothesis is 









untenable 

129 


Due to deviations 


5 

0 05876 






from linear regres 








1 

Sion. 







Total 

1 81638 

6 







Due to Imear regres 

0 41684 

1 

0 41684 

248 

6 61 

The logistic curve 



aion 






hypothesis is not 


1 







tenable 

130 


Due to deviations 

0 83887 

6 

0 16777 






from Imear regres 









ffion 







Total 


6 






■ 

Due to Imear regres 

0 73958 

1 

0 73958 

3 14 

7 71 

The logistic curve 



aioiL 






hypothesis is not 

131 

H 

Due to deviations 

0 94326 

4 

0 23582 



tenable 


■ 

from Imear regres 








■ 

Sion 







Total 

1 68284 

6 







Due to hnear regres 

1 57055 

1 

1 67055 

31 94 

6 61 

The regression 


1 

Sion 






function 13 highly 

132 

¥ ] 

Due to deviations 

0 24683 

6 

0 04917 



significant 



from Imear regies 









non 









Total 

1 81638 

6 






* S' ■= ratio of the vanance with lesser nomher of degree of freedom to the vanance with greater number 
of degrees of fireedom ° 
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Table ll—condd 



Rat 

mimbor 


&e\ .Sourto of \nrmMon 


Sum of 
squares 


Degrees 


of 

freedom 


VnrmtiLC 


5 per cent 

point Reuarks 

for P 




Due to doMations I 0 24583 
from ]iti( nr rrgrts ' 

Sion 


Duo io dcMations I 0 28785 
from paraLolic 1 
regresM/ou ' 


4 


0 05040 


The reduction in 
the sum of 
squares is not 
significant 
Hence the 
h^othesis IS not 
disproved 


DlFFERERCr 


0 00798 


1 0 00708 


0 Id 


7 71 I 




{ Due to linear regres 
j Sion 

0 37913 

1 

1 

, 0 37913 

9 17 

133 

V 

j Due to deviations 

1 from bnear regies 

1 81011 

1 

0 20068 

6 

} 0 04134 

1 

1 

( 

1 



Totai 

0 58681 

t 

G 

, 




Due to Imear regres 
siou 

0 20008 

5 


• 



Due to deviations 
from pnrabolio 
regression 

0 20850 

4 


• 

Diffebenoe 

-0 00188 

1 




6 61 

] 

The regression 
function u 
significant 

1 


J 


T 


The parabola is 
definitely irowe 
fit than the 
straight line as 
the deviation 
from parabola is 
greater than that 
from Bhe straight 
line Hence the 
bfpothegia o f 
growth accord 
mg to the logistic 
law IS tenable 


* F — ratio of the vananoe inth leaser number -of degrees of freedom to the vannnee 
of degrees of freedom 


with greater number 
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Thtis, we see that in none of the 5 male rats the growth according to the logistic 
Ian IS tenable Bnt of the 4 female rats 2, both fed on pure mustard od, do not 
disprove the hypothesis However, as wdl be seen below, although the 2 rats 
follow logistic law the curves are significantly different from each other The 
equation of the two straight hues fitted by the method of ‘ Least squares ’ to 
relative growth rate agamst weekly weights are — 

7 = 5 28300 — 0 03731® 
aud 7 = 5 43472 — 0 05149® 


7 mdicates the relative growth and ® the weight for rats Hos 132 and 133 
respectivelv 

The vanance of the regression coefficient of rat Ho 133 (= 0 00144) is almost 
se^^en tunes the vanance of the regression coefficient of rat Ho 132 (= 0 00022) 
and this difference is significant and hence the respective logistic curves differ 
significantly from one another The equations to the two logistic curves are — 


7 = 


and 7 = 


I4I 6 

1 + 20 049 c ~ ® ‘ 

105 6 

1 + 7 801 e.~^ 02360 t 


for rat Ho 
for rat Ho 


132 

133 


7 here bemg the weight and t the time 

Before closmg it mav be mentioned that Donaldson’s curve for female rats 
has not been fitted to the observations of female rats under experiment for two 
reasons Firstly, the graphs in the body of the paper clearly show that none of 
the 5 female rats can be said to follow the Donaldson’s curve as the deviations &om 
Donaldson’s curve are obvious Secondly, even if a loganthnuc curve of the 
Donaldson’s type — not the Donaldson cur\'e but a similar curve with different 
constants — ^was found to fit the observations, we had no means of testing the 
significance of the difference 


J, ME 
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UEINAEY EXCRETION OF MORPHINE IN OPIUM ADDICTS 
■WITH AND WITHOUT LECITHIN-GLUCOSE 
TREATMENT 

BY 
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AND 

A C ROY, M sc (Cal ) 

(From the Department oj Pharmacology, School o;f Tropical Medicine, 

Calcutta ) 

[Received for pubboataon, September 30, 1940 ] 

Chopea ajtd Roy (1937) made a study of the cholesterol and lecithin content 
of the blood of opium addicts durmg addiction, after discontmuation of opium, 
and also after a course of treatment with lecithm They found more or less normal 
values for these constituents m the different stages excepting that there was an 
mcrease of the lecithm content durmg and after the course of lecithm treatment 
and m the majonty of cases during the penod of abstmence as well They also 
found that morphine could be detected m the urme for 4 or 6 days after the 
takmg of the last dose The present paper is a contmuation of the former one and 
embodies the results of further work on this subject to see if the lecithm-glucose 
treatment so successfully employed by Chopra and Chopra (1940) m reheving the 
withdrawal syndrome has any appreciable effect on the rate of excretion of 
morphme 

The exammation of the urme of opium addicts for morphme content has now 
become almost a routine procedure for all the cases that are treated m the 
Carmichael Hospital for Tropical Diseases, firstly to confirm the diagnosis of 
opium addiction, secondly to determine the effects of treatment and ako to see 
whether the addicts are takmg the drug clandestmely while they are undergoing 

( 195 ) 
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treatment in the hospital The last named point is very important from the 
point oi vien’’ of treatment as during withdrawal the craving for the drug becomes 
so great that the addict sometimes procures the drug by some means and takes it 
surreptitiously, all the time mamtaimng that he has been observing the stnctest 
abstinence, thus counteracting tlie effects of treatment The examination of the 
urine, hovever, reveals the real state of affairs and this enables the physician to 
take proper steps in time 

The method employed for the detection and estimation of morphine is a shght 
modification of that employed by Decartfi (1937) 

Ten c c of fclio unno are honted trith about 0 3 g of NojCOj until the first bubbles nse and 
then quickly cooled It is then transferred to a glass stoppered 25 cc cylinder and thoroughly shaken 
Tnth 10 c 0 of ncotio other After the layers have separated, the acetic other layer js transferred to 
a small porcelain dish and evaporated to dryness on a water-bath To tho residue are added 0 26 o c 
of distilled water, one drop of mtnc acid (sp gr 1 16) and a drop of 10 per cent ammomum 
molybdate solution After careful nlurhng of tbo porcelain dish, the contents are filtered 
through a sma)l filter paper Tho dish is nnsed inth two successive small quantities of water (0 2 cc) 
and passed through the filter A drop of 2 per cent solution of ammomum vanadate is then added 
and well nn\od A tarbidit\ dei olops, depending on tho raorphmo content, which is matched against 
a sot of standard tubes of uniform boro containing \arying amoimta of morphine and to which the 
same quantities of nitno acid and ammomum vanadate have been added, after adjustment of the 
unknown and tho standard to tho same volume say 0 8 c c This method can detect morphme of the 
order of 0 005 mg and may be used os a quantitative procedure when very great accuracy is not 
intended 

In order to see whether this procedure can be apphed for the correct diagnosis 
of opium addiction, it was tried on a certain number of urine samples collected from 
persons of normal health and other patients in the hospital who were not opium 
addicts AH these samples gave negative results This test therefore affords 
a fairly rehable means for the detection of morphine m the urine of opium 
addicts 

As the drug is largely used in India and as cases from the remotest corners of 
the country, where there are no hospitals or laboratories and where transportation 
IS difficult, might have to be diagnosed, experiments were carried out to ascertain 
if delay in the examination of samples of urme affected the results m any appre- 
ciable manner A certain number of urine samples tested for morphme content and 
then kept for varying periods from 2 to 7 days at the ordinary temperatures 
of the laboratory was agam tested for morphine content afterwards All these 
samples gave positive results and the quantity of morphme was found to have 
suffered httle deterioration on keepmg These observations are of mterest from a 
medico-legal standpoint as it appears possible to detect morphme m the dead body 
even after decomposition bas set in As the drug is very rapidly ehmmated, and 
as it 18 not usually detected m the urine 4 or 6 days after the taking of the 
last dose for diagnostic and other purposes, the mine should be collected as early as 
possible though the actual test may be delayed for some days 

For the purpose of the present investigation addicts were studied under two 
heads — 

Group I consisted of cases who received lecitlun and glucose immediately after 
withdrawal of the drug Group II consisted of those who did not receive anv 
lecithin either by mouth or by injection 
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The results are shoT\Ti m Tables I and 11 Table III is only an abridged form 
of Tables I and II and indicates ivbat percentage of the cases show the presence of 
morphine m the urine on a particular day after withdrawal 

It would appear from Tables I and 11 that the amount of morphme excreted 
bears no relation to the amount of daily dose taken or to the duration of addiction 
Sometimes, with a comparatively smaller dose, the amount excreted through the 
urme may be very sigruficant, on the other hand when a much bigger dose is con- 
tmued for a longer penod, the quantity of morphine excreted may not be appre- 
ciable even during the first few days This is m accordance with the observations 
of Chopra and Roy [loc cii ) Amother significant fact is the relatively poorer 
excretion rate of morphme when the drug is smoked than when taken per mouth 
m the form of piUs 

A perusal of Table III wiU show that morphme could be detected m the urme 
of addicts who had not had any treatment, for a longer penod than those treated 
with lecithin and glucose or, m other words, treatment with lecithm and glucose aids 
m effecting a more rapid e limin ation of morphme m the urme For example, on the 
first day after withdrawal all the cases m both sets showed presence of morphme 
m the urme On subsequent days a smaller percentage of the treated cases showed 
the presence of morphme m their urme than those haiung no treatment Of the 
treated cases none showed the presence of morphme m the urme after the 6th or 
7th day but, m the non-treated cases, morphme could be detected m the urine even 
up to the 10th day The qmcker ehmmation of morphme m the treated cases may 
probably be due to the diuresis caused by glucose 


SUMMABT 

1 The rate of excretion of morphme m the urme of opium addicts, some of 
whom were treated with lecithm and glucose, was studied 

2 The time taken to render the urme morplune-freo appears to be 
shorter m the case of addicts treated with lecithm and glucose than m the 
untreated cases 

3 The rate of excretion of morphme bears no relation either to the daily dose 
of opium or to the duration of addiction 

4 The morphme content of a sample of urme is not appreciably affected 
on keeping it for several days 
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Table I 


Showing effects of lecithin and glucose on the excretion oj morphine in 
the unne oj 30 treated opium addicts 


Ago 

HLSToniL IK nniEF 

MOBrjIIKE CONTENT OE THE TTEINE IN MO 

Duration of 
addiction 
m years 

Weighed 
daily dose 
m grains 

1st da} 

2nd day 

3rd day 

4tli day 

6th day 

30 

14 

28 8 

40 

1 0 

1 0 

Trace 

Trace 

38 

8 

GO 

Trace 

0 

0 

0 

0 

46 

G 

14 0 

1 0 

Trace 

0 

0 

0 

32 

6 

80 

40 


0 

0 

0 

28 

3 

GO 

40 

1 0 

10 

0 

0 

3G 

2 

18 0 

10 

Trace 

0 

0 

0 

40 

7 

10 0 

20 

20 

1 0 

0 

0 

30 

10 

GO 

10 

10 

Trace 

0 

0 

34 

6 

60 


1 0 


0 

0 

44 

12 

14 0 

10 0 

4 0 

10 

0 

0 

42 

8 

10 0 

30 

Trace 

0 

0 

0 

32 

10 

IG 0 

Trace 

99 

0 

0 

0 

26 

7 

40 

30 

1 0 

Trace 

0 

0 

38 

1 

46 0 

10 

30 

1 0 

0 

0 

60 

7 

440 

Trace 

2 0 

1 0 

Trace 

0 

27 

15 

86 0 

60 

1 0 

Trace 

0 

0 

21 

0 

8 0 

Trace 

0 

99 

0 

0 

29 

3 

60 

10 0 

0 

99 

0 

0 

32 


24 0 

70 

0 

99 

0 

0 

28 

4 

12 0 

60 

Trace 

” 

0 

0 

39 

13 


20 

1 0 

" 

0 

0 

40 

4 

no 

20 



0 

0 

37 

6 

14 0 

1 0 



0 

0 

28 

7 

64 

20 



0 

0 
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Table I — condd 


HiSTOKr n. brief 


IIORPHTSE COSTENT OF THE tTEISE DT 110 


Age 

Duration of 
addiction 
m years 

Weighed 
daily dose 
m grams 

Ist day 

2nd day 

1 

1 

3rd day 1 

! ! 

4th day 

6th day 

31 

1 

16 i 

14 0 

8 0 

Trace 

0 

0 

0 

40 

2 

9 6 

Trace 

0 

0 1 

1 Trace 

0 

42 

1 

1 

60 

20 

1 6 

0 

0 

0 

24 

1 7 

40 

1 0 

20 

0 

0 

0 

31 

' 5 

1 

1 

18 0 

1 

1 12 0 

60 

1 3 

Trace 

\ 

Trace present 
up to 7th 
day 

37 

4 

1 

i 

t 

40 

20 

Trace 

0 

Tract 


Table II 

Showing rate of excretion of morphine in unne after vnthdraical in a senes of 

24 non-lrealed cases 


( 


1 

i 

<< 

0 

1 

E. BRIEF j 

ilORPHTNE CO>TEVr OF THE HEDTE IN 

ilG 


Age 1 

Duration of 
addiction 
m years 

Weighed 
daily dose 
m grams 

Ist day 

I 2nd day 

3rd day 

4th day 

6th day 

Remarks 

2S ! 

10 

12 5 

3 0 

1 

20 

1 0 

1 

Trace i 

1 

[ Trace 

i 

29 

' u 1 

t 1 

16 0 

1 0 

2 0 

10 

0 

0 


32 

8 1 

19 5 

' 20 

1 

1 0 

Trace | 

0 1 

1 J 

0 


45 

7 

120 0 

1 10 0 

Trace 

t 

1 0 

0 


30 

10 

46 0 

1 40 

20 

t* 

1 0 

0 


21 

i 

235 

i 20 

1 

' 10 

1 

fff 

Tract 

Trace 

Trace present till 
8th day 

Trace up to 7th 
day 

14 

1 ^ 

10 0 

1 

1 0 

1 

1 

10 

1 

T> 

\ 

0 

1 

» 
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Table II — concld 


Age 

lIiSTon\ It, nnii'j | 

MonruiM. content of the 

EBtNE IN 

MO 

Resiaeks 

Duration of 
addiction 
in years 

Woiglicd ( 
daily dose 
in grains 

Ist day 

2nd da^ 

3rd day 

4tli day 

6th day 

50 

G 

14 8 

30 

1 

20 

1 5 

Trace 

Trace 

Trace till 7th day 

42 

3 ^ 

1 

1 

12 5 

9 0 i 

1 

36 1 

1 

! 

Trace ' 

1 

20 

1 0 


41 

1 

2 1 

10 5 

7 0 

70 

i 

40 j 

1 0 

Trace 

Trace tdl lOfch day 

43 

1 

5 1 

18 0 

30 

3 0 

1 

2 0 I 

0 

1 

0 


24 

10 
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Table III 


Shoimng the percentage of opium addicts and the presence of morphine 
in the urine m a senes of 30 treated and 24 non-treated cases 
after sudden vnthAraical of opium 


1 

Days after vrith i 

t 

Teeated cases 

_l 

XOX TEEATED CASES ' 

1> 1 

Resiabks 

draival of opium ' 

1 

Xumber ' 

1 

1 

Per cent i 

' Xumber 

1 

{ Per cent 1 

1 1 

lat day 

30 

1 

100 0 1 

1 

1 

o ' 24 

S 

' 1 
1 

100 0 

■i 

1 

o 

a 

2nd „ 

25 

83 3 

S 22 

1 91 6 

1 

1 

1 s 



1 




1 ^ 

3rd „ 

18 

60 0 

m 1 21 

, 87 6 


s 




S 




4th , 

4 

13 3 

“ f» 1 13 

64 1 









§'^ 

6 th ,, 

3 

10 0 

2 j 10 

41 6 


1 ^ 3 




1 ^3 

' r- 



^ S2 

6th „ 

jVone 

0 

fe ' 6 

26 0 


1 e3 




c ^ ' 


1 

c J 

, !>• Lm 

7th „ 

1 

3 3 

o ^ t 4 

E 2 

16 6 


i o ^ 

s g 

8th „ 

None 

0 

"i i ' 

12 6 

1 


pC 

1 O 



1 

' S ' 

1 


1 ^ ° 

9th „ 


0 

1 2 

, 83 


1 




i o 1 



1 fei 

10th „ 

»» 

0 i 

' 1 1 

4 16 

J 
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COMPLEJIENT-FIXATION IN HYDATID DISEASE 
SUGGESTIONS 

BY 

Lieut -Colonel S D S GREVAL, i si s , 

Imperial Serologist, 

Captain S N CHANDRA {Jlate i si s ), 

First Assistant, 

AND 

B C DAS, Bso, 

Chemist, 

{From the Imperial Serologist’s Laboratory, School oj Tropical 
Medicine, Calcutta ) 


[Eeoeived for publication, July 23, 1940 ] 


The mam difficultv m tins reaction appears to be the lack of a stable and 
standard antigen Fairly (quoted by Dew, 1928) advocated three krnds of antigen 
(i) flmd from hydatid cysts of sheep, {ii) salme extract of scohees and (iii) alcohohe 
extract of scohees (diluted with normal salme) The first he considered the best 
For precipitm and skin reactions a phenolized hydatid fluid was recommended 
McIntosh (1931) is also of the opmion that ‘ for the diagnosis of hydatid disease 
the best antigen is the fluid from a hydatid cyst collected aseptically and distributed 
m sealed tubes ’ The iraters phenolize, select and pool fluids for their 
complement-fixation techmque which is linked to their TFassermann reaction 

The antigen 

From carcasses of freshly slaughtered sheep flmds from a dozen or so cysts 
are collected by aspiration m separate bottles To each bottle is added on the 

( 203 ) 
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spot 0 6 per cent of a mixture of equal parts of ether and triJcresoI The bottles 
are shaken vigorously, biouglit to the laboratory and left m a refrigerator 
overnight Next day the fluids are tested for anticomplementary and hamolytic 
activity 

Nor determining the auticomplementary activity one volume (0 25 c c ) of 
each fluid is added in a tube to one volume of a complement dilution containing 
1 m h d as determmed for the Wassermann reaction done after Method No i of 
the (British) Medical Beseaich Conmuttee (now Council) (1918), and one volume 
of saline The mixture is left for half an hour at room temperature and then 
incubated for half an hour at 37°C One volume of standardized (Greval, 1929 , 
Greval, Yesudian and Choudliury, 1930) and sensitized suspension of the red blood 
cells 18 then added and the tubes incubated again for half an hour A fully 
lysed tube (not necessarily crystal-cleai) indicates that the phenolized flmd, from 
which one volume (0 25 c c ) wall be used for the test, is not anticomplementary 
If a fluid IS anticomplementary (the tube charged with it is not fully lysed), it is 
rejected 

Foi determining tlie hannolytic activity three volumes of a selected flmd are 
added in a tube to one volume of the red cell suspension and incubated There 
should be not a trace of lysis (confirmed by leaving the tubes in a refrigerator over- 
night) The flmd showing hromolji;^ activity is rejected The flmd discolourmg 
the cells wathout discharging the colour is also rejected 

At least SIX selected flmds are pooled to yield a standard antigen This 
antigen remains stable for at least a year, m a refrigerator For use the bottle 
IS shaken, the coarse particles allowed to settle and the uniformly opalescent 
flmd removed 

A positive known serum diluted 1 m 10 with salme conta inin g 0 26 per cent 
phenol also keeps well, after an imtial drop in titre, m a refrigerator It is used 
as a positive control in the test of the preserved antigen 

The standardization of the antigemc fluids attempted so far is not final The 
waiters do not know the probable average lumt of the reaction of the positive sera 
When the hrmt is known the flmds will be further standardized by selection after 
observing their leactions with titrated controls of pooled positive sera 

Phenol added to the flmd does not interfere with the htemolytic system 
Besides preserving the flmd it defimtely increases its antigenic power of fixmg 
complement and thus acts as a fortifying agent [cj fortifymg action of phenol on 
Wassermann antigen (Greval, Chandra and Das, 1939)] 

In Calcutta a dozen flmds can be ob tamed sometimes on one day from the 
mumcipal slaughter-house 


The test 

The work is undertaken on a day when the complement, as determmed for the 
Wassermann reaction, is of optimal reaction and titre (Greval, Chandra and Das, 
1940) The serum dilutions used are 1 m 10, 1 in 60, 1 in 100 and 1 m 200 To 
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eacli dilution are added one volume (0 25 o c ) of a complement dilution contauung 
2 m li d and one volume of antigen Erom the 1 m 10 dilution is put up a serum 
control contaimng one volume of phenolized sahne (0 26 per cent) and one volume 
of complement (no antigen) The tubes are left at room temperature for half an 
hour and then mcuhated at 37 °C One volume of the red cell suspension is now 
added and the tubes mcuhated agam at 37°C for half an hour The ensemble 
at the end of this commumcation gives this scheme 

The result of each tube is recorded as +, T (trace of lysis), ± (well-marked 
inhibition of lysis), * — (not cr 3 'stal-clear tube) and — For detection of T the tubes 
are left m the refrigerator overnight 

Only a -h IS reported as positive The report reads ‘ positive m 1 m 100 ’ or 
‘ positive m 1 m 50 ’ and so on The serum control of course must be also fully 
lysed, if not m a 1 m 10 dilution, at least m a dilution considerably lower than 
the one which gives a -f reaction 

A serum dilution of 1 m 5 may be tested if the 1 m 10 dilution gives a T or ± 
reaction 

A Wassermann reaction is done on the same serum at the same time 

In this techmque which is hnked to the Wassermann reaction the general 
plan followed is the same as m complement-fixation for leprosj (Greval, Lowe 
and Bose. 1939) and kala-azar (Greval, Sen Gupta and Napier, 1939) wluch are 
also hnked to the Wassermann reaction m this laboratorv For details re 
vanation m the dose of the serum versus variation m the dose of the complement 
and possibihty of paradoxical reaction commumcation on the latter subjects may 
be consulted 

The VTiters’ expenence of positive reactions is limited In the experience of 
the surgeons the hydatid disease is very rare m Calcutta Cases suspected by 
physicians have been found to be serologically negative and on rare occasions doubt- 
ful (T or ±) during the last ten years For the keeping property of preserved 
flmds and the relative proportion of the reagents m the test serum from a surgically 
positive case was used It had been positive malm 100 dilution 


The CysttciTcyus cellulosw 

The hydatid cyst m the sheep is Cyshcircus granulosus The usual hvdatid 
m man is the same For the detection of the unusual Cysticircus cdluloscc m man 
the flmd from the corresponding hydatid cysts m the pig will be a better reagent 
These cysts, however, are not so readily procurable It is not known to the writers 
how far a group reaction with the flmd from the hydatid cysts m the sheep succeeds 
m detectmg the unusual Cysticircus cdluloscc hydatid cysts m man Such a 
reaction is possible 

It is worth noting that infestation m sheep m Calcutta is common, while 
infestation m man is very rare This is held to be true of whole of India and also 
of Egypt and Chma (Dew, Joe cit ) 
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The use op the test in detecting retrogression of the hydatid 

DISEASE 

The test done witli a standard or even constant antigen and a standardized 
liceinolytic system, such as slionld he used in Wassermann reaction, can give 
measurable and repeatable readings More dilutions of the serum can be tested 
They should indicate whether the hydatid disease is retrogressing as a result of a 
treatment other than surgery, such as X-ray This treatment has been given by 
Tyzzer (1933) j\ledicmal treatments of systems other than European allopathy 
and of homoeopathy are ah\a)'S on trial in India 


An ensemble of the test 


Tubes ' 

Reagents 

' 1 

Serum 
j control 

O 

( 

I 

3 

Tost 

4 

proper) 

5 

Semm dilution, one volurao 

1 

! 1 in 10 

1 in 10 

1 in 50 

1 m 100 

1 m 200 

of — 

1 

1 




Complement, one volnmo 

2 ra b d 

2 m h d 

2 m h d 

2 m h d 

2 m h d 

containing — 






Antigen 

Nil j 

1 Tol ^ 

1 vol 

1 vol 

1 vol 

Saline 

1 vol 

Nil 

Nil 

Nil 

Nil 


Left at room temperature for half an hour and incubated 



at 37 °C 

for half an 

hour 


Sensitized r b o suspension | 

1 

1 vol 1 

1 vol 

1 vol 

1 vol 

\ 

1 vol 


1 

Incubated at 37°C for half an hour 

1 1 1 



Results road immediately and next day after leavmg the rack m the cold overnight 


Summary. 

1 At least SIX phenolized, selected and pooled hydatid fluids from cysts of 
freshly slaughtered sheep yield a rehable and stable antigen for a complement- 
fixation test It IS kept m a refrigerator 

2 The test is hnked to the Wassermann reaction 
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3 A gioup reaction with sera from cases of hydatid cysts of Cysticircus ceUu- 
loscB 13 possible The fluid from the corresponding cysts in pigs is not readily 
procurable 

4 The complement-fixation test as descnbed can give measurable and 
repeatable readings which should indicate retrogression of the hydatid disease as a 
result of non-surgical treatment 
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SEASONAL VAEIATIONS IN THE INCIDENCE OE 
FILARIAL LYMPHANGITIS 

S SUNDAR RAO, l m p , 

School of Tropical Medicine, Calcuita, 

AND 

P V SUEIBATJIE, B so , ph d , d sc (Lond ) 

AU-lndm Institute of Hygiene and Public Health, Calcutta 
[ Received for pubhoation, September 20, 1940 ] 

Inteoductoey 

The number of patients admitted for filarial lymphangitis at the Filanasis 
Climc of the Calcutta School of Tropical Medicme vaned from month to month 
This was observed to be the case from year to year for the last several years It is 
weU known that filanal parasites {Wuchereria bancrofti) are subject to seasonal 
influences The percentage of infection and the intensity of mfestation as also 
the tune taken by the embryos to complete their development in the mosqmto 
vary from season to season It is found that during the monsoon months when 
the humidity is high (80° to 90°) and the temperature optimum (80°F to 90°F ) 
the heaviest infection and a high degree of infestation occur in the mosquito 
During the other seasons infection rate is very low, infestation small and the 
tune taken for the completion of the development much prolonged The 
transmission of this parasite is also known to vary from the optimum condi- 
tions of temperature and relative humidity The variation m these factors 
IS held to be responsible for the difference m the intensity of filanal infection 
in different areas For example, filanal infection rate m the city of Calcutta 
IS 9 per cent, whde the infection rate m the central wards of the towns of 
Pun and Cuttack is 27 per cent and 34 per cent respectively This difference 
m the rate of mfection is explained by the following facts A satisfactory 
dramage system and good samtmy conditions in Calcutta reduce the number of 
Culex breedmg places m the city Dunng the monsoon months owmg to heavy 
rainfall few permanent breedmg places are found but when the wmter sets in the 
breedmg places are more numerous, and with the decay in orgamc matter 
and other suitable conditions there is an mcrease m the Culex population in the 
city Table I shows the monthly normals of mean temperature and humidity for 
Calcutta for the period 1929-1938 It wiU be seen from the table that the penod 
J, me ( 209 ) 14 
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from Jnh' to September is t]ie most faxmurable time for tbe development of the 
filarial embryos m the mosquito but w ant of synchronization during this period with 
the Cule\ factor keeps the infection rate in Calcutta so low In the towns of Pun 
and Cuttack, on the other hand, the filanal infection rates are very much higher on 
account of a larger Culex population in monsoon months This is due to the fact 
that these towns afford a larger number of suitable breeding places for the Culex 
on account of defective drainage systems and the presence of a large number of 
sump-pits for sullage water The third factor of importance in the vanation of 
filanal infection is human crowding, in other words, the number of earners of 
filanal infection in an area 


Table I 

Month-by-monih mean temperature and ImimdiUj for Calcutta for 

the period 1929-1938 


Montlis 

Mean 

mavimum, 

“F 

Mean 
mini mu ra, 
“F 

1 

Rclntu 0 
humidity 

8 hours 
•L T 
per cent 

tRolativo 

humidity 

17 hours 
fl S T 
per cent 

January 

78 7 

66 0 

84 3 

62 6 

February 

82 7 

1 Cl 7 

84 0 

48 8 

March 

93 G 1 

71 0 1 

79 6 

39 8 

April 

i 07 0 ; 

77 2 

78 2 

60 7 

May 

95 6 

79 1 

81 3 

68 7 

Juno 

93 2 

70 8 

1 86 6 

77 6 

July 

89 1 

79 5 

89 3 

83 0 

August 

87 8 

! 79 1 

89 7 

82 7 

September 

89 4 

79 0 

89 4 

81 7 

October 

88 8 

76 2 

86 9 

73 2 

November 

83 4 

66 4 

83 4 

61 8 

December 

78 4 

67 6 

84 6 

60 3 


* L T == Local time f Averages of 6 years only (1933-1938) 
} I S T = Indian standard time 


The object 

While it IS possible that the variation m the number of admissions for filanal 
lymphangitis month by month may partly be due to several minor factors, such as 
ram, festivals, etc it appears from what has been desenbed above that the varia- 
tions in the admissions month to month may be largely due to seasonal influences 
The object of the paper is to ascertain, therefore, from these figures whether we 
can observe any significant seasonal vanations in the incidence of filanal lymphan- 
gitis which repeats itself from year to year, and if so to give an objective measure 
to the relative influences of different seasons 

Material por study 

The relevant data are shown m Tables II, III and IV Table II shows the 
numbers of new cases admitted month by month, Table III, the numbers ol 
attendances of these cases and Table IV, the annual totals of both 



Ninnbers of filana palietits adimtled monUi by monlh 



Total VH 088 803 789 007 1,107 1,200 1,100 









Numbers of attendances of filaria 'patients month by month. 


212 


Seasoml Variations in Filanol Lymphangitis 



Total 6,160 4,744 8,632 7,420 8,731 8,817 10,216 11,500 14,464 12,706 
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Table IV 

Annual totals of admissi 07 is and attendance of filaria •patients 



AKlOTAIi KU2IBEES OF 
ADillSSIOKS 

AsiniAL irnirBEBS of 
ATTEKDANCES 

Years 

Number of 
patients 
registered 

Trend 

numbers 

Number of 
visits 

Trend 

numbers 

1929 

713 

669 

6,160 

6,177 

1930 

688 

690 

6,744 

6,100 

1931 

803 

i 

810 

8,632 

7,022 

1932 

789 

930 

7,420 

7,946 

1933 

967 

1,051 

8,731 

8,867 

1934 

1 

1,167 

1,171 

8,817 

9,790 

1936 

1,260 

1,291 

10,216 

10,713 

1936 

1,499 

1,412 

11,609 

11,636 

1937 

1,678 

1,632 

14,464 

12,658 

1938 

1,664 

1.652 

12,705 

13,481 


It vrill be seen from Table W that the numbers of admissions and attendances* 
have very rapidly increased durmg the period under review The tendency of 
rise IS readily perceived from Graph 1 The number of admissions which was only 
713 in the year 1929 was doubled during the penod of 8 years, reaching 1,499 in the 
year 1936 In the year 1938 it was 1,664, thus recordmg an mcrease of 133 per cent 


* The first visit of a patient is an ‘ admission ’ The second and snbseq^nent visits ‘ attendance ’ 
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on the 1929 number* The number of attendances has shown a similar nse but 
on a shghtly smaller scale The last year is an exception 


Graph 1 

SHOWING THE ANNUAL NUMBERS OF 
ADMISSIONS AND ATTENDANCES 
OF FILARIAL CASES 
1929 TO 1938 



The method. 

A long-term trend or movement is commonly described by the word ‘ secular’ 
in statistics It will be seen from Graph 1 that this secular trend approximately 
follows the course of a straight Ime 

Apart from this long-term trend, there will be noticed in Graphs 2 to 11 a type 
of periodical movement recurring year after year known as the seasonal variation 


*It may he pointed out that this big increoso of 133 per cent does not mdicato a corresponding 
increase m the incidence of filanasis in the area served by the Clinic Indeed, an examination of 
the admissions in the Carmiohae] Hospital for Tropical Diseases, described in the Annual Eeporte 
of the Calcutta School of Tropical Medicine, shows that the incidence of filanal infection is 
constant The increase may be asenbed to the growing knowledge of the existence of a centre lor 
the treatment of filanasis 
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It Mall be seen, for example, that the numbers of admissions and attendances are 
more m the monsoon than m the ivinter months, that their numbers m the month 
of February are smaller than in the month of January oivmg probably to the smaller 
number of 'svorkmg days m that month and so on The different months will be 
clearly seen to exert their own typical influences on the numbers of admissions and 
attendances m virtue of the reasons described m the mtroductory section, their 
conventional length and other min or factors 


Graph 2 

SHOWING THE NUMBERS OF ADMIS- 
SIONS AND ATTENDANCES 
MONTH BY MONTH 
1929 
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Besides the secular and the seasonal variations, a time-senes is usually affected 
by what is known as the cychcal and random vanations The cychcal vanation 
gives a sort of wave-hke appearance to the senes and consequently resembles the 
penodic vanation but does not repeat itself after fixed penods with the same amph- 
tude as m the case of seasonal variations The penod of cychcal vanation is also 
much longer than a year The random vanation, as the term suggests, does not 
obey any law , it is brought about by ordinarily unknown and accidental mmor 
cause If Graphs 2 to II are read together m a senes it will be seen that there is 
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Seasonal Vanahotis in Ihlanal Lymphangitis 

no marked cyclical variation but that there are ‘ random ’ minor fluctuations which 
cannot be accounted for by either long-term or seasonal variations Even if 
there be a cycbcal variation present in a minute degree, the period under review is 
too small to ascertain its defimte existence wnth specifications of period and 
amplitude 


Graph 11 

SHOWING THE NUMBERS OF ADMIS- 
SIONS AND ATTENDANCES 
MONTH BY MONTH 
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It will be clear from what has been said above that in order to obtam measures 
of seasonal variation it is necessary to ebminate the influences of the other vanations 
affecting the senes This is done in the way described below — 

It has been shown that the secular trends of both adimssions and attendances 
follow approximately the course of straight bnes The equations to the straight 
lines which give the closest representation of these trends are found to be 

I r = 11108-f 120 4 X for series of admissions 

II y = 9328 8 -f 986 2 x for senes of attendances 
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wtere Y represents the calculated trend value of the numbers of admissions and 
attendances and a: is an mtegral value in years measured from the imd-year of the 
year 1933 as ongin The calculated trend values correspondmg to these two equa- 
tions are shown bv the side of the actual annual numbers of admissions and atten- 
dances m Table lY, and are also shown in Graph 1 It will be seen from a compari- 
son of the actual annual numbers of admissions and attendances with the trend 
numbers that the correspondence between the two is lery close 

A second or a higher degree curve might give a closer fit, but the object of 
fittmg the curve m the present study is not one of forecastmg, which mdeed it 
cannot be with tune as the only mdependent vanable, but is sunply one of ade- 
quately representmg the long-term trend m the actnal tune senes If a curve of 
too high an order is fitted denations from the trend would contam less of cychcal 
vanations than is actually present On the other hand, the deviations from an 
inadequate trend are hkely to be highly correlated owmg to the presence of a por- 
tion of the long-term vanation Graph 1, as well as Table Y givmg the values 
of the respective residual vanance (vanation of the fitted values about the actuals) 
obtamed by fittmg a straight fine and a parabola mdicate clearly the adequacy 
of the straight-lme trends 


Table V 



Squabe boot of besidual 

VABIAyOE 

Squabe boot of residual 

VABIAIfCE AS PEROEITTAOE 

OF THE AVERAGE 


Senes I 

Senes II 

1 

Senes I 

1 

Senes II 

Straight line 

87 4 

1,007 6 

7 9 

10 8 

Parabola 

91 4 

1,072 8 

8 2 

11 6 


Note — Senes I represents the numbers of admission and senes II the numbers 
of attendance 


From the annual trend values the montlily ones are obtamed on the assumption 
that the annual number is centred at the middle of the year, viz the 1st July , 
and the monthly is centred at the middle of the month, viz the 15th Thus, for 
calculatmg the monthly trend number of patients admitted m January 1931, the 
following procedure is followed — 

The trend numbers for the two years 1930 and 1931 are 569 1 and 689 5 
respectively Assuming these to be centred as on the 1st July, 1930 and 1931 
respectively, the monthly mcrement in the annual numbers works out as Y 
(120 37) and the monthly mcrement m the monthly number as 1/144 (120 37) ^r 
0 836 The July value for trend of 1930 centred at the 1st is 1/12 (569 1) or 
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47 427 Tke July nutuker centred at tlie IStk is 47 427 4- ^ (0 836) or 47 845 
January number centred at the 16th is 47 845 -f 6 x (0 836) or 62 861 The 
February value is 47 84 + 7 X (0 84) or 63 697 and so on 

The easiest way of eliminating the long-term variations from the two senes 
is to take the percentage ratios of the actual monthly numbers with the trend 
numbers Space does not permit their tabulation in the paper Their examination 
shows that the series of percentage ratios are independent of the secular 
movements 

It remains to free the two senes of percentage ratios from the other two 
movements, viz the cyclical and random movements There is, however, no need 
to follow any elaborate procedure for this purpose, for by virtue of their nature 
the sum totals for each month of the cyclical and the random changes rarely 
differ from zero 

The frequency distributions of the percentage values for each month give the 
whole of the relevant information on the relative influences of different months 
on the numbers of adnussions or attendanees in those months These have not 
been shown in the paper JVlien these are tabulated they show that the different 
distributions in either table are centred not round the same but widely different 
values The best estimates of these central values are commonly spoken of in 
‘ Statistic s ’ as the measures of seasonal influences or indices These estimates 
are shown in Table VI — 

Tabus VI 


Months 

Senoa I 

Senes II 

Januory 

1 

96 

96 

February 

78 

93 

March 

106 

100 

April 

111 

106 

May 

106 

102 

June 

99 

i 97 

July 

122 

108 

August 

119 

127 

September 

114 

1 

111 

October 

89 

76 

November 

98 

100 

December 

63 

, 82 

Avbbaoe 

1 

100 

! 100 
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CoNCLtrSIONS 

It ml] be seen from the senes of seasonal indices for numbers of admissions 
that the monsoon months (Jidy to September) are the most favourable for the 
mcidence of the filanal infection This was expected from the considerations given 
m the introduction The monthly mcidence dunng this penod is seen to be about 
20 per cent higher than the average incidence daring the year and about 40 per cent 
higher than in the winter penod from October to February The penod from March 
to June shows a shghtly higher mcidence than m the average month but is not 
statistically found to be significant 


SUMMABT 

Statistical analvsis of the vanation m monthly admissions of patients, new 
and old, at the Filanasis Chmc of the Calcutta School of Tropical Medicme, dunng 
the penod from 1929-1938, is earned out with the object of definmg preciselv the 
nature of the penodical movement recumng year after year m the incidence of 
filanal lymphangitis The analysis showed that the monthly incidence dunng the 
monsoon penod from July to September when the humidity is high and the 
temperature optimum is 40 per cent higher than in the winter penod from October 
to February The penod from March to June showed an mcidence shghtly higher 
than the average giving an appearance of a prelude to the monsoon penod of the 
highest mcidence 
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STUDY ON THE NOEMAL POLYNUCLEAE (AENETH) 
COUNT AT HYDEEABAD-DECCAN - 

BY 

S A EAHMAN, 

ANT) 

M A ZAIDI 

{From the Depart^neiU of Physiology, Ostnama University Medical College, 

Hydeiabad-Deccan ) 

[Received for pubboation, September 30, 1940 ] 

Although the diagnostic value of the polynuclear count in infective state is 
well estabhshed, httle attempt has been made m India to find the normal values 
Banerjee (1924), using Minor and Elnger’s modification of Arneth’s classification, 
exammed 100 healthy Bengah students and found a shift to the left He, however, 
gave no detailed account of his wort 

That the values established for colder chmates may not be smtable to tropical 
countnes is brought out by the work of Kennedy and Mactay (1936) who mvesti- 
gated the polynuclear count m 271 British airmen m Iraq and the neighbourmg 
countnes They found marked left deviation of the count The neutrophils v ere 
relatively reduced m number, with the corresponding increase m the monocytes 
These changes were attnbuted by them to be due to the chmate of the country 

Material and method 

The subjects selected were 120 men out of whom 20 were medical students 
The rest were selected from the general population of Hyderabad, their ages vary- 
ing from 15 to 45 years Only those subjects were selected who gave a histor} of 
good health and had not suffered from any minor lUness such as common cold for 
at least 4 weeks and from any major illness such as an attack of malaria or dysen- 
tery for at least 6 months prior to examination Teeth, gums and tonsds, being 
the most common foci of i^ection, were examined with particular care Under 
such entenon, it was possible to select only 20 students out of 100 examined for 
the purpose The rest had to be selected from the general population of the town 

J, MR ( 225 ) 26 
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The blood was taken from finger-piicic and the him fixed by immersion m a 
saturated solution of mercuric chloride for 15 nunutes and then stamed for 24 
hours with the iron-luematoxyhn method We found this technique quite satis- 
factory for the polynuclear count , tlie nuclei ^vere deeply stained and the filaments 
between the lobes were easily visible Cooke and Ponder’s (1927) cntenon of 
nuclear division was observed, viz ‘ if there was any band of nuclear matenal 
except a fine chromatin filament connecting tlie different parts of a nucleus, that 
nucleus could not, for the purposes of the count, be said to be divided ’ A total 
leucocyte count was also made in each case, a Neubauer double-countmg chamber 
being employed and an average of four counts being taken Both the pipette and 
the chamber used were those certified by the American Bureau of Standards The 
planeness of the surface of the hannocj'tomcter cover-glass was tested with Hausser’s 
inteiferometer The blood for these counts was taken without any regard to the 
time of the day and witlioiit any particular relation to the time of the meal A 
differential count was also made at the same time, 200 cells being counted, the film 
for the purpose Jianng been stamed with Leishman’s stain 

Results 

The result of the differential count is given m Table I Very few ‘ abnormal ’ 
cells were seen in these subjects Ilfyelocjrte w-as seen only once Tliree of the 
subjects showed large lymphocytes wuth deeply stammg cytoplasm lesemblmg 
Turk cells, one each in a count of twm hundred cells In two cases lymphocytes 
with double nuclei were seen In subject No 36 a large neutrophil was seen with 
hypersegmented nucleus resembhng the macropolycyte of Cooke and Ponder 
(loc ott ) 


Table I 


Differential 

counts 

1 

Moan 

Stendnrd 
donation | 

Maximum 

Almimum 

Neutrophils 

65 0 

10 48 

75 6 

32 0 

Lympliooytca 

32 0 

9 08 

63 0 

16 0 

Monocytes 

66 

3 03 

18 0 

10 

Eosinophil 8 

70 

4 62 

23 0 

10 

Basophils 

0*5 

0 62 

30 

1 00 


The average leucocyte count for the 120 subjects works out as 7,224 with the 
standard deviation of 1,228 The lowest count was 4,000 in subject Ifo 63 and toe 
highest count was 11,000 m subject Mo 99 The details of the leucocyte count are 
classified in Table II, tbe cumulative frequency curve or ogive of which is shown 

in Graph 1 
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Tabi.e II 


Classified according to the number of cells per 
c mm of blood {cumulated upwards) 


Number of cells 
per 0 mm of blood 
Less than 

1 

Number of ^ 
counts 

Per cent 

6 000 

6 

60 

6 000 

16 

12 6 

7,000 

61 

426 

8,000 

87 

72 6 

9 000 

111 

92 6 

10,000 

119 

99 1 

11 000 

119 

99 1 

12,000 

120 

100 0 


For the sake of comparison other cumulative frequency curves based on the 
work of Galambos (1912, quoted by Garre-v and Kay Bryan, 1935) and Osgood 


Graph 1 

Per cent 



Cumulative frequencv distnbution curves of leucocyte counts of adults 

(1) Rahman and Zaidi 

(3) Osgood (1934) — random counts 

(3) Galambos (1912) random counts 

throughout the day 
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Normal Polynuclear Count 


(1934), in which samples of blood were taken at random dunng the day, are 
superimposed Close resemblance is seen betw^een these curves 

Tlie mean of the polynuclear count works out as 2 432, the standard deviation 
being 0 234 The nearest count corresponding to this mean in the senes was — 

I II III IV V 

12 8 39 0 39 0 8 2 1 0 2 466 

The result of the polynuclear count is represented in the shape of a frequency 
distribution polygon (Graph 2) For the sake of comparison the polygons based 
on the results obtained by Kennedy (1933) and bv Cooke and Ponder (Zoc at ) are 
superimposed, converted to tlie same scale 


Graph 2. 



Frequency polygons bivsed oti tbo results obtained by 

(1) Rahman and Zaidi — 

(2) Cooke and Ponder (1927) — • 

(3) Kennedy (1933) 
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Discussion 

It IS seen from Grapli 2 that the results obtamed by us differ greatly from those 
obtamed in the European subjects by Cooke and Ponder , our results shovr a marked 
deviation to the left and the range is larger so that the polygon is diminished m 
height and mcreased m breadth The latter factor is of importance from chmcal 
pomt of view as the chances of an abnormal count falhng within the normal range 
are mcreased 

The polygon based on the results obtamed by Kennedy shows significant 
differences as compared with that based on the results of Cooke and Ponder 
(Graph 2) Kennedy’s subjects were medical students at Edmburgh The mean 
of the counts on 90 subjects studied by him was 2 628 correspondmg to a count 
of — 

I II ni IV V 

13 30 43 10 4 

Whereas the average mean of the 90 subjects studied by Cooke and Ponder was 
2 74 corresponding to a count of — 

I n in IV V 

12 25 44 15 4 

Kennedy’s results thus show not only a significant deviation to the left but, 
as IS evident from the polygon m Graph 2 the range in which the counts fall is also 
mcreased This difference has been attributed by him to be due to the relative 
lamty of the health standard of his subjects as compared with that of Cooke and 
Ponder 

The results obtamed by us show even more marked deviation than those of 
Kennedy We do not attribute this difference to be due to the laxity of the health 
standard of our subjects as reasonable care was taken in selecting healthy subjects 
In subjects who showed a high eosmophil count, stools were exammed to exclude 
parasitic infections The teeth and lungs were, however, not K'-rayed and this 
might have admitted a few cases with hidden foci Even admitting such a possi- 
bihty, the deviation m the results is so marked that it cannot be due to this 
factor alone That the counts show a stable state is evidenced by the fact that 
no double maxima occur m the count and tliat the total leucocyte count falls 
withm the normal range 

There is every reason to beheve that the tropical chmate by itself would brmo- 
about and mamtam a left-handed deviation of the polynuclear count The work 
of Kennedy and Mackay m this connection has been mentioned*^ above They 
found the weighted mean of the polynuclear count for British airmen in Hinaidi 
to be 1 935 They found also mcreased number of ‘ abnormal ’ cells in the blood 
of then subjects, affording an endence of bone-marrow stimulation They also 
found a relatively large percentage of monocytes and correspondmgly low percents (^e 
of neutrophils These effects were attributed by them to be due to the chmattc 
causes 
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In tlie results obtained by us tlie monocyte count is not any more than what 
IS considered normal according to the European standards The increase is noticed 
in the lymphocyte and the eosinophil counts with the corresponding decrease m the 
neutrophils The total leucocyte count, as indicated by Graph 1, is not much 
different from that which has been observed in the European subjects That the 
tropical chmate may give rise to increase in lymphocytes has been stated by Russell 
and Russell (1928, quoted by Kennedy and Mackav, loc at ) on the basis of obser- 
vations on a large number of soldiers in a temperate chmate, and after their transfer 
to the tropics It is interesting to note that Napier and Das Gupta (1935) found 
the eosinophil eount in 50 adult male Indians working in Calcutta to average 6 91 
± 5 19 per cent, figures vhich are almost identical mth ours 

It is therefore suggested that the deviation to the left, as compared to European 
standards, of tlie polynuclear count in our subjects is, in all probabihty, due to the 
climatic factor If ue accept the view that the neutrophils with greater number 
of lobes are more mature than those ivith fewer lobes, then, as the total leucocyte 
count is not altered, it vould mean that the span of life of the neutrophils in these 
subjects IS less and their rate of production correspondingly greater than that 
occurring in the European subjects These two factors combined would mamtain 
a larger population of young cells in the circulation without altenng the total neu- 
trophil count 

Summary 

1 A study of polynuclear count was made in 120 healthy male subjects at 
Hyderabad-Deccan Their ages ranged from 15 to 45 years Total leucocyte 
counts and differential counts were also made 

2 The average weighted mean of the polynuclear counts was found to be 
2 432 with the standard deviation of 0 234 This average is much less than that 
estabhshed by Cooke and Ponder for European subjects The cause for this low 
figure 18 discussed The total leucoc)d;e count was not found to differ appreciably 
from the results obtained in colder climates The lymphocji^ and the eosinophil 
counts were found to be higher and the neutrophil count correspondingly lower 
than those given for the European subjects 
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During the last 4 or 5 years blood groups m India haie been steaddy 
gaming m importance Provmcial Red Cross Societies are orgamzmg depots for 
blood transfusion service In Calcutta where such a service has been run from this 
laboratory for the last 16 years the demand for donors of blood mcreased 
recently and threatened to exceed the supply In the following pages will be dealt 
with (i) the nomenclature, (it) the titration of the isohaimagglutmms, (m) the 
quantitative relation between the isohsemagglutmins and the isohsemagglutmogen 
as they exist m the body and for a reaction, (iv) the need for a levision of the 
techmque of grouping blood and (v) a revised techmque 

I The noseenclaturf 

Plate ^GII shows the serological constitution of blood groups and also the 
old eqmvalents of the new terms In the interest of economy and ease m 
speech the terms isohsemagglutmogen and isohsemagglutmm have been replaced 
by ‘ isogen ’ and ‘ isomn ’ respectively It is suggested that thev should be 
so known For the same reason hsemagglutinogens (not iso) j\I and N have 
been called hsemogens M and N The term ‘ factor ’ is unnecessary 

( 231 ) 
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With respect to the cells and suh 3 ects it is suggested that the qualifying letter 
denoting the isogen should invariably follow the noun, e g cells A, subject A, 
donor A, recipient A ’ 

■\Vith respect to the serum it is suggested that in conformity with the cells it 
should be named after its isonin content denoted by small letters corresponding 
to the capital letters The small letter should also follow the riming e g serum a 
(from subject B), serum b (from subject A), serum ab (from subject 0) and serum 
o (small letter, from suliject AB) a and j3 are not necessary 

The serum a absorbed with cells Ao is serum aj It is used in differentiatmg 
between Ai and Ao Sera ao and aa (occumng abnormally) can be so designated 
and discussed 

BTiether a capital or small letter is meant need not be mentioned ‘ Cell A ’ 
cannot be ‘ cell a ’, noi can ' sermn a ’ be ‘ serum A ’ The position of the noun 
before the letter indicates whether a capital or a small letter is meant 

The blood is gioujyeH when 0, A and B are determined and typed when M and 
N are deternuned 

The fluids used in determimng 31 and K are antifluids 

In a defective group an isomn which could exist compatibly with hfe is absent, 
eg Oa (instead ol Oab) 

Other terms suggested in this conimumcation are ‘ slow A’s ’, ‘ centrifugal ’ 
agglutination and ‘ centripetal ’ agglutination Explanations concermng them 
w^l be found in the narrative in which they occur 

Unfortunately for the denotations of letters some early workers (Coca, 1918 , 
Femblatt, 1926) used tlie small letter for the isogen and the capital letter for the 
isomn This should be forgotten 

II The tithe of the isoh^magglutinies (isonins) 

1 Definition — In this wmrk the term titre denotes the highest dilution of 
serum, which, when added to an equal volume of a 2 per cent suspension of the 
appropriate red blood cells, agglutinates the latter It is the initial dilution not 
the ultimate dilution reached in the total flmd This defimtion is in accordance 
with the serological usage followed in estimating the potency of the hromolytic 
amboceptor and the complement, in complement-fixation 

In bacteriological usage the titre of an agglutinating serum is given by the 
ultimate highest dilution This practice is also followed by some workers on blood 
groups 

The time allowed for the agglutination is 16 minutes at room temperature, 
although a final reading is also taken after 30 minutes While weak reactions are 
sometimes found to have become intensified at the final reading, no new' change 
occurs in the suspension after 15 imnutes 

2 Anvaratus required — The details of the apparatus have been given m a 
previous commumcation (Greval, Chandra and Woodhead, 1939) The specia 
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features are (?) calibrated capillary finger pipettes debvermg 60 drops to 1 c c , 
(ti) moist-chambers made with medium-sized Petn-dishes and small flat-bottomed 
watch-glasses m which small folded filter-papers soaked m water are placed and 
{ill) glass-rods 4 to 5 mches long with rounded ends to stir and spread serum and 
cells A photograph gives the special features and the macroscopic appearance 
of the isohfeniagglutmation 

3 Test suspensions — Two per cent suspensions of r b c A and r b c B 
are required Then preparation has also been given in the previous commumcation 
Each suspension is test^ for sensitiveness and specificity against three appropriate 
and non-appropriate sera For the purpose of testing and titrating nnknowTi sera 
only the r b c of knoTrn healthy subjects, such as donors of blood, are used 

4 Technique of titration — For sera ab Tins techmque was evolved for 
selectmg sera ab of a high and equal titre for absorption test, m determimng group 
from a bloodstain, in medico-lcgal work 

The clear and inactivated sera from cases not suSering from febnle states, 
wasting diseases or ansomia, left over from the preinous day’s Wassermann reaction, 
are selected They are contamed m small phials suitably labelled Opposite a 
batch of four phials are stood four small tubes, 3" X 7 ", such as are usually used 
m Wassermann reaction, smtablv labelled to correspond to the phials A 
cahbrated capdlary finger pipette (hereafter called capillary pipette) is dropped 
mto each phial and also into each tube 

Into the tubes is dehvered 1 c c of sahne From the corresponding phials 
is added one drop of serum and recorded on the tube by one vertical hne The serum 
and the sahne are mixed by shaking and the mixture run up and down the capdlary 
pipette three times The ddution of the serum is 1 in 51 or 1 m 60 (approx ) 

A shde IS now prepared to test the dilution The obverse is divided mto nght 
and left (operator’s) halves by a central hne drawn by a glass-markmg pencd , on 
the reverse, along the lower margm, are inscribed the number of the shde (to corres- 
pond to the number of the tube) and one vertical hne (to correspond to the drop of 
serum added to the tube) , and one drop of the serum ddution is deposited on each 
half of the shde Four shdes, from four tubes, are so prepared and left in the moist- 
chamber 

With a cahbrated capdlary teat pipette one drop of suspension of r b c A is 
dropped on each left hand drop of the serum ddution With another cahbrated 
capillary teat pipette one drop of suspension of r b c B is dropped on each nght 
hand drop of the serum ddution The suspensions and the serum ddutions are 
mixed and spread over an area about 1 ^" m diameter, by the rounded end of 
a rod moving clockwise and then counter-clockwise, the same number of times for 
the tw o collections of flmd on the two halves of the same shde, one end mixing and 
spreading one collection On the hd of the Petn-dish is written ‘ For titre of ab, 
10-30 (or a later hour) ’ 

Results are read (?) m 2 mmutes, (??) after 5 mmutes, (;??) after 16 rmnutes 
and (?v) after 30 minutes The shdes are kept m the moist-chamber all the tune 
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The drops are set m motion, before taking the reading, by tilting and untilting the 
ilish intli a cloclcwise and connter-cloclcwise rotatory motion Incipient agglutma' 
tion IS read ivitli tlie aid of a band lens A mere sedimentation of the r b c is at 
once differentiated from tlie agglutination by the cells arising from the shde, 
producing the appearance of a thin cloud dispersing before a breeze and fonnmg 
patterns before going into a homogeneous suspension again A quick, jerky and 
side-to-side movement of the disb helps in tlie re-forming of the suspension The 
preparations m the moist-cliamliei resist drying for 24 hours, the r b c in most 
of tbein, however, are found lysed ne\t day No necessity is ever felt for removing 
a shde from the chamber for mnmpnlatioii and inspection Herein bes the 
vsuperiority of the macroscopic technique over the microscopic techmque 
hlampulations and observations can never be made so easily and speedily under 
a microscope 

If agglutination occurs m 2 nnnutes, the ] in 50 dilution is further diluted to 
1 in 100 by adding 1 c c of saline to the same tube The new dilution is tested as 
before 

The results read after 5 minutes are lecorded but not considered final Two 
nnnutes’ observation is not needed for any dilution other than the first (1 m 60) 

The results read after 15 nnnutes wull be final for most sera No new change 
IS initiated after 15 minutes Positive reactions may become more pronounced, 
doubtful reactions may become positive but negative reactions remain negative 
A confirmation of results after 30 minutes, however, is recommended All the 
results tabulated m the specimen page {sec page 262) were confirmed after 30 
minutes 

If agglutination does not occur malm 50 dilution, one more drop of serum is 
added to the dilution and recorded on the tube by another vertical hne The 
balance of 1 m 50 dilution consisted of 49 drops For all practical purposes the 
first drop of serum added to it was still in it Another drop added means 2 drops 
of the serum m a total of 50 drops or a 1 m 25 dilutiou The dilution is tested as 
before 

If no agglutination occurs in a 1 m 25 dilution, one more drop of serum, the 
third drop, is added to the dilution m the tube, which measures 48 drops For 
aU practical purposes the 2 drops of serum added pi eviously are still in it The 
dilution now is 3 m 49 or 1 m 16 (appro\ ) This dilution is tested as before 

If no agglutination occurs in a 1 m 16 dilution, one more diop of serum, the 
fourth drop, is added to the dilution which measures 47 drops For all practical 
purposes the three pieviously added drojis are still in it Tlie dilution now is 4 in 
48 or 1 m 12 

In the same way further addition of drops are made and stronger dilutions 
obtained The outgoing drops, for testing, are looked upon as drops of saline on y, 
the small quantity of serum in them being ignored The dilutions corresponding 

to — 

1, 2, 3, 4, 6, 6, 7, 8, 9, 10, 11 and 1 2 drops are 1 m - 

60, 26, 16, 12, 9, 8, 7, 6, 6, 4, 4 and 3 respectively 
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The dilutions are really shghtly weaker than is shown. 

The advantage of this method of titration is that although 13 ddutions 
(mcludmg the 1 m 100 dilution, not shown in the parallel Imes of figures) are tested 
from each serum only one tube is needed Four sera can be tested side by side 
m one Petn-dish Limitation of space and the correspondmg concentrations m 
observation result 

This rather long series has recently been contracted to 1 in 50, 1 in 25, 1 in 16, 
1 m 12, 1 m 9, 1 m 6 and 1 m 3 as is explamed in Table I 

For sera a, and sera b 

The same procedure is followed in dilution One drop is used m testing mth 
the appropnate r b c and one drop is rejected The slides are divided on the 
obverse and marked on the reverse to receive two dilutions of the same serum 

5 Results of titration of 106 sera — In Table II are given the titres of 37 sera 
ab, 38 sera a and 31 sera b The table vas completed before the senes of dilutions 
was contracted 

It wdl be obsen'^ed that (i) sera ab have higher titres than sera a and sera b, 
(tt) sera a have a higher titre than sera b, (^^^) majonty of the sera have a titre 
between 1 in 25 and 1 m 6, {iv) sharp reactions m one dilution only and spread out 
reactions m three dilutions are in the minonty, the majonty of the sera givmg 
reactions spread over two dilutions 

It must be recorded that exclusion of febnle states, vastmg disease and 
anaemia was not as ngidly effected m this senes of titrations as is done m selecting 
sera for absorption 

6 Mixing of sera a and sera b — The titre of a nuxtiue of a serum a and serum 
b, both of known titre, is not usually given by the calculated figure This probably 
IS due to the presence of varymg quantities of the isogens in the plasma Subjects’ 
isogens are not confined to the r b c or e\en other cells of the bodv 

7 The dangerous ‘ universal donors ’ — The isomns of subjects 0 ‘ umversal 
dono'^ ’ are on the ishole stronger than those of subjects A and subjects B One 
of the former with a particularly high titre is capable of kilbng recipient of any 
other group Instead of hajmagglutmation a hsemolysis may occur and usually 
does occur, at once or after a delay 

Strange though it may seem opmion on the danger of usmg these donors is not 
undmded Accordmg to Kej-nes (1920) ‘ theoretically this is an objection to the 
indiscrinunate use of group IV for transfusion, but as no ill effects result such 
agglutmation presumably does not occur m the body’ De Bakey and Honold 
(1938) have more recently drawn attention to Hesse’s statement that ‘ the 
transfusion of blood from a umversal donor mth a titre of 1 16 causes no symptoms 
but m cases inth higher titre signs of hsemolysis are hkelv to occur ’ ‘ Interesting 

chmcal and experimental observations analysed by E P Gesse m a revieiv of 
tventy-two papers emanating from the First Surgical Chmc and the Besearch 
Institute for Blood Transfusion in Lemngrad (E P Gesse, chief) ’ abstracted in 
an Editonal of the Journal of the American Medical Association (1936) are traceable 
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to the same worker, Hesse Wiener (1939) in the second edition of his book also 
refers to Hesse’s observations m a general way 

Between the two extremes he tlie obseivations of Townsend, Isabelle and Coca 
(1936) which make the accidents depend on temperature 

The present writers are inclined to believe that accidents of mdiscrinunate 
transfusion with blood 0 have escaped detection The expectation of life of the 
recipient wlio must be given a transfusion as soon as possible, without a detennina- 
tion of group and direct matching of bloods, is not good It may not be easy to 
decide whether he has died of the transfusion or in spite of it The symptoms 
caused by intravascular agglutinations will not be as apparent as those caused by 
haemolysis In the early days of blood transfusion many recipients were supposed 
to have benefited after indiscriminate transfusion with bloods of all groups 

The writers have definite knowledge of (?) certain donors 0 who, several years 
ago, caused severe rigors and collapse, each twice, wlien used as universal donors 
and (^^) of a hospital which ignoring advice used a donor 0 as a universal donor 
and has since refused to use even properly tested and recommended ‘safe’ 
umversal donors Tiie extraordinarily epnek Ijtic effect tn mlro of some fresh 
sera is well hnown They lyse the appropriate red blood cells on a shde before the 
latter havm had time to agglutinate 

The original publication of Hesse giving the techniques of titration is not 
available Long-distance correspondence has failed to supplement what has been 
published concerning it The concentration of the r b c suspensions used in the 
titration of the isonins is not known, nor is it known whetlier the term litre 
indicates the initial cblution or the ultimate dilution Tlie w'litexs err on the right 
side and call ‘ universal donors of the first choice ’ only those donors 0 the titre 
of whose serum is beloiv 1 m IG By all calculation based on the minimal dilution 
of the donor’s plasma in the recipient’s blood and on the immmal count of the red 
blood cells of the recipient donors of this titre are perfectly safe A margin also 
exists for the occasional variation of the titre in the same donor (Snyder, 1929) 
TJius — 

Average weight — 10 stones = 140 pounds 
Average volume of blood calculated at 1 /20 
of the weight (CO method, Haldane 

and Smith) = 


Average volume of plasma 
Plasma tiansfused m 500 c c. of blood 
The dilution of the plasma 


= 2240 oz 


= 112 oz 
= 112 X 28 41 c c 
= 3081 92 c c 
= 3082 cc approx 
= 3000 c c approx 
= 1500 c c 
= 250 c c 

= 260 in 1600 + 200 
= 1 m 6 -f- 1 
= 1 in 7. 
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If in the titration of the semin of the donor a 1 m 16 dflution has not reacted 
with 2 per cent cells then a 1 in 7 dilution will not react mth 50 per cent cells in the 
recipient’s blood, presuming the recipient to have 5 milhons r b c per c mm 
Even m a highlv ansemic recipient havmg 1 mdhon r b c per c mm the dilution 
of the donor’s plasma, which mil be nearer 1 m 8 than 1 m 7, will not react with the 
10 per cent cells it will encounter Inabditv of a serum which agglutmatns 2 per cent 
cells to agglutinate suspension of higher concentration is an experimental fact 
detaded m section III below 

Even a donor whose serum agglutmates the r b c A and B m 1 m 16 (but 
not in 1 IP 25) is safe enough For quantities not exceeding 200 c c for an adult 
he IS perfectlv safe The writers call this donor ‘ nmversal donor of the second 
choice ’ 

For safety these standards compare very favourably with the recommendation 
of Levme and Maybee (1923) m deahng with the dangerous nmversal donors They 
recommend ‘ that m performing the direct matchmg test of Coca (loc cit ) the 
donor s citrated blood be diluted with sahne 2 10 instead of 1 10 before mixing 

with the equal volume of recipient’s citrated blood In the resnltmg procedure 
the donor’s plasma m a 1 m 10 dilution (only half of the whole blood being plasma, 
one volume of plasma m the two parts of blood is mixed with eight volumes of 
sahne and one volume of r b c giving a 1 in 10 dilution, if the suspension is to 
be used as such) reacts with the recipient’s r b c concentration of which vanes 
&om 50 per cent (in a blood of normal count) to 10 per cent (m a blood having 
only a 1 milli on r b c per c mm ) A 1 m 16 dilution of serum acting on a 
2 per cent suspension of r b c is more effective than a 1 m 10 dilution acting 
on 10 to 50 per cent suspensions 

The total volume of blood calculated aboie is known to be a low estimate 
The ‘ actual volume of blood m man is about 5 htres ’ (>Short and Pratt, 1938), or 
‘ about ^'-jth of the total bodv-weight ’ (Best and Taylor, 1937) This reduces 
further the risk of agglntmation or haemolysis from the um\ersal donors of the 
first and the second choice For Indian donors and recipients of an average state 
of nutrition the lower estimate is preferable 

IncidentaUv, if the prospectii e donor is known to be 0, the recommendation 
of Le\’me and iMavbee (loc ci* ) can be earned out more easily by adding an equal 
volume of a 1 m 9 dilution of the donor’s serum (instead of a 2 m 10 of citrated 
whole-blood suspension) to the recipient’s citrated whole blood Tlie 1 in 10 dilu- 
tion of the whole blood is reallv a 1 m 9 dilution of the plasma (the r b c take 
no part m dilution proper) 

From the vnters’ senes of 37 subjects 0 (Table II), from the population of 
Calcutta the foUowmg classification emerged — 

12 conformed to the standard of the imiversal doiiors of the first choice 
8 conformed to the standard of the um\ ersal donors of the second choice 
11 went beyond the range of safety, their sera agglutinated r b c m a 
dilution of 1 m 25 
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4 were dangerous , tlieir sera agglutinated r b c m a dilution of 1 m 60 

2 were almost certain to cause serious accidents , their sera aMutinated 
T h c 111 a dilution of 1 in 100 ° 

Only the first 20 were ‘ universal donors the last 17 were simply donors 0 
(to be used for recipients 0) 

The MTiters follow this classification in (?) selecting and sending donors for 
service from their laboratory and (n) storing blood for the Red Cross Blood Bank 
which they run Incidentally, this bank, unhke the London Scheme of Blood 
Transfusion Service for War (Editorial, R M J , 1939, Announcement, R M J, 
1939), stores bloods of groups 0 A and B, not merely of 0 

8 ‘ TJmversal recifAeni ' ai nsl — The risk arises from a high titre of the 
isonins in the blood of subjects 0, A and B As the titre of subjects A and B is 
not so high as that of subject 0 the risk with the latter is less than mth the former 
It alwa} s exists 

The VTiters apply the same 1 in 16 standard to the piospective donors of the 
other groups for tlie subjects AB 

9 Blood given io infants inlramnscuhily and intra])entoneaUy — The blood 
given intiainuscularly, which is not likely to increase the total volume in the body 
in a short time, may be given legardless of the group Otherwise the isomns need 
the same consideration as they do m the blood of the donois 0 

Blood given intrapentoneally should be compatible or from a safe imiversnl 
donor 

10 Human semm given intravenously — The convalescent serum needs the 
same consideration as the blood of the ‘ umversal donors ’ The same remarks 
apply to the newlv recommended concentrated serum and dried plasma or serum 
(Best and Solandt, 1940 , Editorial, B M J , 1940 , Pathological Society of 
Manchester, 1940 , Greval, Chandra and Chowdhury, 1940) 

III Quantitative relation between the isogens and the isonins 

1 The quantities in system of a subject — On the whole the isogens are relatively 
in excess of the requirements of tlie isoums A volume of sera a or sera b is rendered 
inert after absoipition with a fraction of an equal volume of the packed red blood 
cells of the appropriate isogens Eurther, while most of the isonms is m the blood 
(or lymph) the isogen is also found in the entire cellular stnicture of the body 

2 Excess of red blood cells in a reaction — ^In the titration the weakest dilution 
of a serum capable of agglutinating a 2 per cent suspension of r b c becomes 
inert with a 4 pei cent suspension The loss of effect in an agglutimn encountering 
an excess of its appropriate agglutinogen appears to be much more pronounced in 
hffimagglutination than m bacterial agglutination A weak isonm is hkely to be 
missed m grouping a subject if a thick suspension of r b c is used Such weak 
isonms are often seen and their number is likely to increase when results are read 
within a few minutes only In the writers’ experience isomn b has been very weak 

at times 
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3 Stabihty and constancy of isogens — The isogen is not only in excess of the 
requirements of the isomn but also more stable and much more constant m reacting 
with sera of known titre In absorption experiments, when a dilution of a constant 
senim and a suspension of constant r b c are used, it is qmte easy to replace one 
suspension by another From dried up bloodstains isomns can be extracted only 
on rare occasions, ishde isogens can be detected by an absorption test almost on 
every occasion 

Isogen A 2 and A 3 are not covered by the precedmg paragraph They react 
slowlv and absorb the isomn mcompletely 

4 Quantity of isomns and quality of agglutinations — ^A high-titre serum 
agglutinates the appropriate r b c almost at once The agglntmated masses 
become more and more compact and centrifugal in disposition with passage of 
time Ultimatelv they are found as a deep scarlet rmg at the penphery of the 
drop on the shde This is the ‘ centnfiigal agglutination ’ With very strong 
sera this appearance results withm a few mmutes 

Tlie same serum diluted with salme brmgs about an agglutination which though 
equally distmct is neither so compact nor does it move centnfugally Brick-red 
(not scarlet) masses of clumped cells appear in the centre of the drop with clear 
sahue round them This is the ‘ centnpetal agglutination ’ 

The two tvpes of the agglutination depend on the concentration of the 
isomns only 

IV The need for a revision of the technique of grouping blood 

] Diluted versus undiluted serum — The isomn may at tunes fad to act if 
dduted with equal volume of sahne as is being done almost umversally This 
appears to be responsible for ‘ defective groups ’ The writers have not yet come 
across these groups They have occasionally found an ‘ abnormal blood group ’ 
of another laboratorv to lie a case of a weak isomn In Table IT figure several 
sera which are hkelv to gi\e trouble If the unknown serum is to be tested 
undiluted vith the knovm r b c the known serum must also be used in the same 
vay with the unknown r b c so that final mixture of r b c and serum haie a 
constant density m both the tests 

The ‘ cold agglutination ’ is said to be avoided by the ddution of the serum 
The writers take then sera out of the refrigerator and keep them at room 
temperatiue for half an hour They have not seen any ‘ cold agglutination ’ 

2 The time — The time usually allowed at least for the shde method is not 
enough Ao and At are hkely to be missed In India the preparations dry up 
rapidly at tunes and further shorten the tune of reaction. A moist-chamber mu^ 
be used and the reaction observed for 30 nunutes There is no possibihtv of a 
false reaction appeanng merely with the passage of tune 

3 Whole blood and plasma — The use of whole blood, m sahne and even m a 
sodium citrate solution, in testmg the r b c for the isogen is faulty Clottmg of 
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blood occurs and looks like agglutination of r b c The unknown r b c must 
be washed clean of fibrin The same remarks apply to tbe testing suspension The 
use of plasma from centrifuged nhole blood (instead of the serum) is open to the 
same objection These methods arc not recommended by any one but are tolerated 
They should not be tolerated Blood transfusion is an operation which is hkely 
to kill on the spot if full precautions for safety have not been taken Short cuts 
in testing for group and matching bloods fall short of full precautions 

V A REMSET) TECHNIQUE OP GROUTING AND MATCHING BLOOD 

1 The apparatus — The apparatus reqmred has been detailed in the technique 
of titration and is shown in Plate IX 

The known serum is derived from healthy donors of blood and is selected In 
a 1 in 5 dilution it should agglutmate an equal volume of a 2 per cent suspension 
of knov n appropriate cells ■within a nunute An undiluted serum of this potency 
generally produces a centrifugal agglutination in about 6 minutes Some strong 
sera in a fresh state cause hiemolysis of the cells and need inactivation or storage 
for several days 

The known r b c are also denved from healthy donors of blood Each serum 
is tested against three samples of appropriate and mappropnate cells The 
inappropnate cells should not be agglutmated All samples of cells B should he 
agglutinated mth the same or almost the same intensity and speed Occasionally 
a sample of cells A may be found to respond with less speed and/or less mtensity 
Another sample then is tried in its place before the serum is accepted as a testing 
serum 

The testing serum is used in testmg the unlcuown cells and the known cells 
are used in testing the unkno-wn serum For blood transfusion always and for 
other purposes whenever possible both the r b c and the serum should be tested 
In determimng group from isogen only, as is done in the case of stams of blood, 
some findin gs have to be ignored 

The workers in the laboratory should know their o-wn group Most subjects 
can tell the group of most other subjects after watching the reactions of the latter’s 
cells and serum against their own 

The cells and sera are preserved without antiseptics in a refrigerator and 
renewed once a week or so For the samples used for testing, surgical asepsis is 
all that IS necessary , while for those used for injecting ammals, for experimental 
work, bacteriological sterility must be mamtained A few sera are also kept 
frozen 

2 TJie vnknmon cells ami scia — ^Froni each subject under test 1 c c to 6 c c of 
blood are drawn from a vein with a Bjwinge One liaK of the blood is squirted, for 
r b c , into a tube (or tubes) contaimng an equal volume of 1 5 per cent of sodium 
citrate in normal sahne or ten volumes of normal sahne, and the other half, for serum, 
into a dry tube The tube for the r b c is shaken and centrifuged The super- 
natant flmd 18 replaced by normal sahne at least twice The tube for serum is 
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left undisturbed until a clot has formed, contracted and ejected a clear serum A 
part of the deposit from the centrifuged tubes is measured and removed to make 
a 2 per cent suspension The tube mth the clot is also centrifuged if necessary 
and the clear seiiim transferred to another tube 

The small quantity of blood is taken from a recipient and large quantity from 
a donor From the latt-er’s blood stocks of known cells and sera (after the test, 
when the group is known) are prepared and kept "Whole blood added to ten 
volumes of sahne (with sterde precautions) and shaken can be left in a refrigerator 
and washed when necessary Two or three tubes are prepared for a smgle donor 
The} keep for well over a week Sinidarly, a stock of clear serum is also prepared 
from the same donor The serum keeps longer than r b c 

"When only a sample of uncitrated whole and, therefore, clotted blood is avail- 
able, the serum is removed as before and the clot shaken in normal saline to bberate 
r 1) c The latter are separated from particles and washed once 

Enough r b c and serum can be obtamed with care even from a few drops 
of blood clotted from a finger, toe or lobe of the ear, as is done m taking a specimen 
for a Widal test or from infants and young chfidren 

3 The grouping lest proper— for delerrmmng the uogens A and B xn the 
unhnoxm the — An old slide is preferred to a new one Flmd on such a shde can 
be spread more easily The obverse is divided by a hne drawn wnth a glass-raarlang 
pencil into left and right liah es (opposite worker’s left and nght, commencing with 
left as m writing) On the reverse, along the lower border, are inscnbed (t) the 
distinctive imtials or number of the specimen, at the extreme left, {i%) ‘ a ’ in the 
middle of the left half, and (in) ‘ b ’ m the middle of the nght half In the left 
half IS deposited one drop of the testing senim a w ith a cahbrated capillary finger 
pipette (hereafter called the finger pipette) Simdarly, m the nght half is deposited 
one drop of the testing serum b To each drop is added one drop of the suspension 
of the unknown r b c wath a finger pipette Tlie cells and the serum are 
mixed and spread o\ei an area about ^ m diameter with the special rod moving 
clockwise and then counter-clockwise, the same number of times for each movement 
and for each nuxture Tlie two ends of one rod mix and spread the mixture on 
one shde The fimshed shde is left m the moist-chamber for observation after 
5 minutes, 15 nunutes and 30 minutes Four reactions are possible (z) if only a 
agglutinates, the blood is A , (zz) if only b agglutinates, the blood is B , (zzz) if 
both a and b agglutinate, the blood is AB , and (zz;) if neither a nor b agglutinates, 
the blood is 0 The side fallmg short of a fuU agglutmation (the clumps without 
sharp margins and sahne between them not perfectly clear) is re-tested with 2 drops 
of the testing serum Generally it is the left side 

An alternate method for determining the isogens m the r b c — ^If the testmg 
sera do not conform to the standard, i e a 1 m 5 dilution of them does not 
agglutinate the appropriate ceUs almost immediateh, then a strong serum ab 
(from subject 0) is also used as a testmg serum The shde is divided on the 
obverse into three compartments On the reverse, along the lower border are 
inscribed (z) the distinctive imtial or number of the specimen at the extreme'left, 
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(n) ‘ ab ’ in tlie middle of the compartment on tlie left, (m) ‘ a in the middle of the 
compartment in the middle and (w) ‘ b ’ m the middle of the compartment on the 
right Drops of testing sera are deposited in then proper compartments Drops 
of the r b c suspension under test are added, mixed and spread as before An 
extra rod will be needed If serum ab agglutinates, the blood is A, B or AB It 
cannot be 0 This extra test excludes a false reading of 0 due to a weak isonin 
in the testing serum This exclusion is very important in transfusion Evidence 
13 accumulating to show that all over the world slowly reacting A’s have been 
mistaken for O’s, inth disastrous results This is quite likely to occur if b in the 
same subject is also weak and has been further weakened by dilution of the serum 
Isomns in sera ab are generally stronger than those in sera a and b 

For determining the isomns in the unhxown sexa — The shdes are divided into 
two halves as before and inscribed on the obverse, along the lower border with 
(i) distinctive initials or number of the specimen, (it) ‘ A ’ in the middle of the left 
half and (ni) ‘ B ’ in the middle of the right half In the left half is deposited with 
a finger pipette one drop of the known r b c suspension A and in the right half 
with another finger pipette one drop of the known r b c suspension B To each 
drop IS added one droji of the unknown serum The cells and the serum are mixed 
together, spread and left m the moist-chamber for observation after 5 minutes, 
16 ramutes and 30 minutes Four reactions are possible (?) if A alone is 
agglutinated, the seiuin is a , (w) if B alone is agglutmated, the serum is h , (i??) 
if both A and B are agglutmated, the serum is ab , and (tv) if neither A nor B is 
agglutmated, the serum is o (not 0 , of subject AB) The side faUing short of a 
full agglutination is re-tested with 2 drops of the unknown serum 

The determination of the isogens and isomns is further explained in the attached 
plan (see page 246) 

Foi determining the isogens and A 3 — The writers’ experience of As is 
limited They have studied slowly and/or incompletely agglutmatmg cells A 
from time to time by absorption by the following process Fiom half the suspen- 
sion a packed volume of r b c is obtained in a quill-tube This volume is mixed 
with two volumes of the test serum a and left at room temperature for 30 rmnutes, 
m the refrigerator for 30 minutes and at room temperature again for SO minutes 
The quill-tube is placed m an almost horizontal position to allow full contact between 
the cells and the serum during absorption The tube is next centrifuged and the 
absorbed supernatant clear serum removed One drop of the absorbed serum is 
tested with the onginal suspension and another drop with a suspension of normally 
agglutinating r b c A If the first diop does not agglntmate while the second 
does, the slowly and/or incompletely agglutmatmg cells are cells As 

The absorption may be moomplete In that case the mcompletely absorbed 
semm is absorbed further with a quarter of its volume of packed cells an 
re-tested 

All slowly and/or incompletely agglutinating cells A do not appear to be As 

Of the newly described A 3 (Wiener, he cit ) the writers have no experience 
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Tlie subgroups of A Jiave no significance m blood transfusion other than that 
Ao and A3 are hkely to be mistaken for 0, and AoB or A3B for B Their sigm- 
ficance in forensic medicme hes in the fact that A (— Ai) is dommant to A2 ■nhich 
is dominant to A3 The -w-riters, hoirever, consider that pending further clarifica- 
tion of the situation the differentiation bet»veen A.2 and A3 for medico-legal purpose 
would be umnse The difference ma'v be one of quantity only and its inheritance 
not so rigid as that of a difference of quahty 

It IS suggested that all slonly reactmg A’s should be designated slow A’s 

The essential features of the technique — These are two (i) the serum (testmg or 
unknown) should not be deficient relatively to the r b c and (m) the tune allowed 
should be at least 15 min utes and extended to 30 mmutes m case of a suspicious 
reaction The error m the density of the r b c suspension, if error there must 
be, should be on the side of a low er density not a higher density If a cahbrated 
capdlary finger pipette is not avadable an uncahbrated capiUary pipette may be 
used but the drop of the serum as seen bv the eye on the shde should not be 
smaller than that of the r b c suspension , it may be bigger The suspension 
under these circumstances is deposited alongside the other drop, not added to 
it Eyen in respect of time the error if anv, should be on the side of aUowmg 
more tune The preparations kejit longer than 30 minutes do not give false 
reactions 

Using this techmque no defective groups or anomalous reactions have been 
found in bloods of healthy subjects although a sharp look out has been kept for 
them for 6 years Eien in the bloods of diseased subjects mcompatibihty mthin 
the same group or other anomalous reactions due to morbid causes, haye been 
encountered on rare occasions only Fm-ther foUowmg this techmque this 
laboratory has run a blood transfusion semce for Calcutta for the last 16 vears 
Bloods of donors and recipients of all conmiumties m Calcutta European and 
Indian have been grouped (Greval and Chandra 1940) 

Suggestions foi field icoihei ’> — Field workers can easily cnrry all the glassware 
used together with a hand centrifuge The capillary pipettes are stenhzed with 
dr\ heat after dipping their lower ends in a I 5 pei cent sodium citrate solution 
in sahne (the solution used for mixing inth whole blood, for r b c ) Blood taken 
in a jnpette so jirepared does not coagulate at once Bv attachmg the pipette bi 
plasticm to one end of a short length of glass tubing carrying at the other end a 
rubber teat one drop of blood can be \ery easily added to ^ c c of normal sahne 
m a tube The dron of blood equals half a drop of r b c deposit which when 
added to the 25 ilrops coutamed in the i c c of saline pelds a I in 25 (approx ) 
or 1 m 50 or 2 per cent suspension The tube is shaken The level of the suspension 
(top of the memscus) is marked and the tube centrifuged The clear supernatant 
flmd IS poured ofE and replaced by fresh saline The tube is shaken and a 2 per cent 
suspension of r b c almost free from fibrin obtained 

For lining the inner surface of the lower end of the capdlary pipettes liqmd 
paraffin niav be used instead of sodiimi citrate The pipettes must be stenlized 
a« before 
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T]ie pipettes after use are dropped in a cylinder containing 10 per cent hvdro- 
cliloric acid (the fluid should effervesce energetically when dropped on cement 
floor) and glass-wool at the bottom hTevt day they are washed m running 
water (boiled if they have been paraffined), dried and examined individually to 
make sure that the lower cahbrated end is unbroken The pipettes can be washed 
and used again and again Obstruction to the flow of fluid up the pipette is over- 
come by the teat or even by opening and closing the end by the finger repeatedly 
and quickly, several times 

4 Dvect malclimg tests — withn the grotip — Hanng decided that the prospec- 
tive donor and recipient belong to the same group, a drop of the r b c suspension of 
the donor is mixed with a drop of the recipient’s serum , this is done on the left half 
of a slide marked on the reverse r -f D Similarly, a drop of the r b c suspension 
of the recipient is nuxed wnth a drop of tlie donor’s serum , tins is done on the nght 
half of the same slide marked on the reverse d + E Tlie capital letters represent 
the isogen and the small letter the isonm of tlie donor and the recipient respec- 
tively There should be no agglutination This test is especially important in the 
case of a second transfusion from the same or even a different donor The first 
transfusion although within the group may produce antibodies, unconnected with 
A and B, which may leact with their appropriate antigen in the second transfusion 
A case illustrating this acquired incompatibility has been repoited (Neter. 1936) 

Incompatibility within the group without a previous transfusion, probably 
due to a morbid state, is kiiowm (Lloyd and Chandra, 1933) The possibihty of a 
naturally occurring anti-M body gi^nng rise to such an nicomnatibility also exists 
(Wiener, loc cit ) 

The formation of aiiti-hl and aiiti-N bodies after a preinous tiansfusion with 
blood compatible with respect to 0 A and B but not M and N is a new suggestion 
(Greval et al , 1939, 1940) 

Donojs 0 for other gio\ip<i and donois of otho giouj^sfoi lecipient AB — A ' safe ’ 
umversal donor must be used in emergency without any preliminary tests But 
when such a donor is being used for other groups, for other reasons, his serum in a 

1 %n 16 dilution and r b c must also be directly matched with the recipient’s! b c 
and serum, foi the same reasons for which direct matching is done between the 
donor and recipient of the same group Serum of a prospective recipient of group 
A, B or AB may due to morbid states, agglutinate prospective donor’s r b c , 
contaimng the recipient’s own isogen (Lloyd and Cliandra, loc cU ) A safe 
universal donor then may prove to be the onty compatible donor 

Similarly, a 1 in 16 dilution of the scrum of the prospective donors 0, A and B 
must be tested on the r b c of a prospective recipient AB 

McttcJnng sera, leucocytes and jdntelels — Tlie ivriters observe on a shde in a 
moist-chamber the mixture of the serum of the prospective recipient and donor 
after 30 minutes’ incubation at 37°C The slide has on it, m three compartments, 
(») recipient’s serum one drop -|- donor’s serum one drop, {ti) recipient s seruni 

2 drops and (^^^) donor’s serum 2 drops (ii ) and {m) are controls There shoii c 
be no precipitate or increase m opalescence 



Plate VIU 

A diagram of blood growps 



Jonsicy Moss 

I IV 

II II 

III III 

IV I 

A and B are the laogens 
a and b are the corresponding isonins 
The group is named after the isogens 
The four groups indicate the onlv four possibilities compatible with life, m tThich 
the usogens and the isonuis can co exist in the same subject In a ‘ defectiTe ’ group 
an isonm which con exist oompatibh with life is absent (eg 0, a , A, o) 

Further thvision of A into A, and A. (and into A,B and A_B) increases the 
number of groups to six 

Qmte unrelated to A and B are the htemogens (not womens) 51 and N They 
occur as 51, Is, or 5IX m all subjects of all groups Xo subject is free from them 
Tliev differentiate three types m each group and thus make possible 12 descriptions 
of blood, if only the cngmal four groups are considered, or 18 descriptions, if sub 


groups with Aj and A- are also considered 

A blood may be — 

051 

OX 

05rx 

A5I 

AX 

A5IX 

B5r 

BX 

BMX 

AB5r 

ABX 

AB5IX 


I err recently A, has been added to the hst of isogens A, and A, together 
with the slouli reactmg A not differentiated bi absorption constitute ‘slow A’s ’ 
of the wntere They hare no significance m blood transfusion In forensic 
mcdicme too they are ignored by many workers because of difficulties of techmque 
M and X are easily determinable and haye receired due rccogmtion m forensic 
medicine all oxer Europe and Amenca 


New 

O 

A 

B 

AB 




The sbdes may bo 1 or 3 of the pJau for determinmg isogens and isomns respec 
tivoly On tlie dotted hne after ‘ Tor ’ is ^mtten * cells ’ or ‘ serum ’ 

If for cells, shde one indicates 0, slide tuo B, shde three A and slide four AB 

, j serum, slide one indicates o (from subject AB), slide tuo b (from subject A), 

shde three a (from subject B) and slide four ab (from subject 0) 

The special apparatus consisting of wire gauge (L S Starrett Co , U S A ), 
moist-obainber, calibrated pipettes (finger and teat, point fitting hole No 68 of the 
Wire gauge) and stimng rod is shown 

The naked eye appearance is distinct 
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PLANS OF GROUPING AND MATCHING BLOODS 


1 Det-crmmntion of tho isogons 


Xo a 

b 

or 

No ab 

n 

b 

2 Determination of tho isonins 

No A 

B 

3 Matohmg of cells and sera 

r-b D 

d-b R 

4. Matching of sera 

d -b r 

d-b d 

r -b r 

— 


The Blido iR market! for tlio knotvu serum 
Tlio r b o suspension is unknown The agglu- 
tinator indicates tho agglutmated 


The plan is adopted when the titre of the 
testing sera does not come up to the standard 


The shdo is marked for the known r b o 
The serum is unknon-n Tho agglutmated 
indicates tho agglutinator 


r = Recipient’s serum 
R = ,, r b c 

d = Donor’s serum 
D = „ r b c 

There should bo no agglutmation 


Double volume of each serum is used for 
controls of volume and pre-existing opalescence 
There should bo no precipitate or increase in 
opalescence 
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As ail additional precaution the writers recommend a scratch test on the skin, 
whenever possible, especially in the case of a second transfusion from the same 
donor 

A couiplenieui-li\ntion test has been recommended and may be undertaken 
The WTiters suggest the follmnng procedure To one volume of a 1 in 6 dilution 
of one serum are added one volume of complement contaimng 2 m h d and one 
\ olume of a 1 in 5 dilution of the other serum The three constituents are incubated 
for 30 minutes at room temperature and .SO minutes at 37°C One vohmie of 
sensitized r b c suspension is then added and incubated at 37°C for 30 minutes 
If the recipient’s serum is anticomplementarv it is diluted further A donor whose 
serum is anticomplementarv is rejected The wTiters do not perform the test as 
a routine Their haemolytic system is jirepared in accordance with Method No 4 
of the Wassermann Test of the (British) Medical Research Committee (now Council) 
(1918) 

Tests for the incompatibility of the leucocytes and platelets (Snyder, loc cit ) 
need not be performed 

The dircrt matching tests aic furthci C' plained in the attached plan 


Summary 

1 lied blood cells (and subjects) aie designated cells (and subjects) C, 
(including A2 and A3 and slow A), B and AB The sera are a (from subject B), 
b (from subject A) and 0 (small letter, from subject AB) Serum aj (not acting 
on Ao) IS obtained after absorption with A> Scrum aj (acting on Aj only) ina> 
be present abnormally Grouping means detennimng 0 A and B Typing means 
determimng M and N with anti-M and anti-N fluids Isohromagglutmogens and 
isohEemagglutimns may be called isogens and isonins, and M and N haemogens 
tt, g and ‘ factors ’ are not necessary 

2 A method of making many ddutions 111 one tube tor titrating isomns is 
described Observations are made on the titre, including the existence of the 
dangerous ‘ iimversal donors ’ 

3 Theie is more isogen than isomii in the liody Quantitative differences 
in concentration of isomn yield ijualitative differences in isohsemaggliitination 
(centrifugal and centripetal) 

4 In the techmque now used (?) concentration of testing sera is reduced and 
(w) enough tune is not given for reaction Slow A’s and w'cak b’s are at times 
missed 

5 A new technique is described in detnil, including suggestions for field 
workers 
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* Required for osoortammg tho suitabdity of donors 0 for recipients A, B and AB and of donors A and B for recipients AB 
Even ± in a given dilution rejects donor 

t Required for detormining the dose of sera ab, a and b for absorption teats llanmum reaction is arrived at m rending results 
and thoroforo used in choosing dose 
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0}b Ibohwmaqglutinaiion 



ill Sonv giving increasing reaction in three dilutions 
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PROTEIN FRACTIONS AND OTHER PHYSICAL 
PROPERTIES OF HYDROCELE 
FLUID 

BY 

Brfvet-Coi ONEL R N CHOPR 4, c i e , m a , sr d sp b (Cantab ), 
FRCP (Lond ), IMS {Reid ), 

S C GANGUT.Y, m sc (Cal ), 

S SUNDAE RAO, l m p 
{From the School of Tropical Medicine, Calcutta ) 

[Received for pnbbcation August 8 1940 ] 

Thf present studies refer solely to hydroceles believed to be definitely of filanal 
origin The charactenstics of such hydroceles are as follovrs In the large major- 
ity of cases fluid begins to collect quite insidiously on one or both sides It may 
appear qmte suddenly after an inflammatory attack of the testes and epididymis 
and subsequently undergo absorption After successive attacks the flmd accumu- 
lates ivith a gradual increase m the size of the hydrocele The size of filanal hydro- 
cele vanes, the average bemg of the size of a tennis ball The sweUing is generally 
painless On aspiration the fluid is clear and serous m colour and shous varymg 
amounts of fibnnogen, as seen by the formation of white film and coagulation of the 
flmd on standing for a feu minutes In 2 to 3 per cent the flmd is opaque and 
rmlky and with microfilanas m them The flmd m long-standing cases is generally 
full of cholesterm crystals Normally the fluid is stenle and shows ordinary tissue 
elements and inflammatory cells 

So far as the authors are aware very little work seems to have been done on 
the protein fractions and other physical properties of lymph obtained from tropical 
hydrocele * This has led us to investigate some of its properties, y hich might 
enable us to throw some bght on the subject 


* For protein fractions of non tropical hydroceles Wells (1925) and Patein (1906) 
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Protein Fractions of Hydiocele Flmd 


ExPKniMhNTAIi PnOCLnURE 

Eshmatw7} of jnnlcvn — The niethofl used us Mas essentially the inicro- 
refractonietnc method of Kobertson (1916) Estimations were made with the help 
of a Dipping llefractometer (Zeiss) 

A saturated solution of ammonium sulphate at 21 5°0 contaimng about 64 g 
of ammonium sulphate per 100 c c of the solution was used as the precipitating 
electrocyte The exiienments were performed at room temperature The fraction 
precipitated by 50 per cent saturation is taken as the total globulin, while the 
amount separated with 33 per cent saturation is regarded as the euglobuhn fraction, 
and the difference beti\ een the percentages of these Ian o is the percentage of the 
pseiidoglobulin 

Surface tension was determined by the du hJ'ouy s apparatus in the wav 
indicated by Chopra and Choudluiry (1928) 

Buffer action — The pH values were determined electron! etrically bv the 
qmnhydroiie calomel chain The readings were always taken within 3 minutes 
The results are given in Tables I and II — 


Table I 

9 

P) olein fraction and sugar content 


Senal 

Albumin, 1 

Euglobuhn, 

Pflcudoglobuhn, 


C'usi 

Sugnr per cent 

number 1 

1 

per cent 

per cent 

per cent 


number 



1 

3 16 

0 27 

1 

2 30 

> 

A - 


0114 (R) 

2 

3 01 

0 27 

2 44 


1 


0 122 (L) 


3 00 

1 0 16 

1 77 




4 

3 35 

0 08 

1 0 93 

i 

1 

• B J 
1 


0 no— (23-7-40) 

1 

5 1 

5 71 


0 18 

J 


0 120— (30-7-40) 

0 

2 60 


0 61 

1 

1 


0 100 (R) 

7 

2 60 

0 91 

1 18 

> 

Vy - 


0 084 (L) 

8 

3 78 


0 76 


D 

0 010 (sugar value 





estimated 

9 

3 70 

0 07 

0 61 



hours after 
the collec 

1 

10 , 

2 11 

1 02 

1 77 



tion) 

1 

11 

3 61 

1 11 

0 91 




12 

2 38 

0 80 

1 84 


E 

0 092 

13 

3 00 

1 34 

0 67 


■ F • 

1 


0 121— (19-7-40) 

14 

] 

3*90 

1 

0 09 



0 076— (23-7-40) 
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Tabll I — condd 


Senal 

number 

Albumin, 

^ per cent 

Euglobulin, 
per cent 

Pseudoglobnbn, 
per cent 

Case 

number 

Sugar, per cent 

15 

i 

1 87 

1 1 

080 

1 70 

G 

0130 

IG 

4 00 

i 

' 1 44 

0 58 

H 

0 116 

17 

2 58 

1 50 

1 35 

I 

0 130 

IS 

4 23 

1 37 

0 55 

J 

0 080 

19 

5 49 

i 

021 

f 

1 0 62 

1 

( 

K 

0 096 


Table II 
Buffer action 


Senal ^ 
number j 

1 

On^nal 1 

pH after addition 
of equal amount 
of ^710 HCl 

[ pH after adding 
equal amount of 
N/lOO HCl 

1 

Surface tension 

1 in dynes • 

1 j 


2 66 

' 7 04 

62 3 

2 i 

7 21 

2 64 

6 92 

485 

3 1 

7 27 

2 79 

6 89 

60 6 

4 ! 

7 19 

2 39 

6 95 

47 4 

5 

7 18 

2 76 

6 82 

60 5 

G 

7 17 

2 73 

^ 6 82 

47 4 

7 

7 20 

260 

6 79 

47 9 

8 

1 7 22 

3 09 

1 

J 700 

47 9 

9 

; 731 

2 31 

i 6 76 

48 3 

10 

1 717 

3 34 

1 6 88 

48 8 

11 

j 7 31 

2 60 

6 85 

60 6 


1 

1 



49 7 


j 


1 

i 

1 

50 6 


* Surface tension values although Included lu this table are from a different 
senes of patients 
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pTot<^n Fo actions of IFjdrocele Flmd 


From a perusal of Talkie I it will be seen that the total protein values show a 
great variation ranging from 3 21 to 5 71 In 8 cases tlie pseudoglobuhn fraction 
IS rather Ingli, ivliile in 0 ca'^es the euglobulin is also high In these 6 cases no time 
vas allowed for the separation of the fibrin It is, however, knovm that fibrin 
IS jirecipitatcd liy ^ aminomiim sulphate and this explains the high value of 
euglobulin found in these cases The amount of sugar has been deternuned in 
sonic samples and its amount \arics from 0 Olfi per cent to 0 122 per cent as will 
be seen from Table II T\\ o vcr\ peculiar facts are observed from a study of 
the sugar content In the same patient the right and left hydrocele fluids show 
dilierent amounts of sugar and the amount of sugar m the fluid of a patient is 
different on different dates It is well known that the sugar content depends 
upon the nature of the food taken b-^ the patient and possibly also upon the state 
of the inflammation Tlie findings arc, liow ever, \ ery interesting and will be 
discussed m a later paper Tlie amount of albumin found m the fluids is neither 
low nor high compared to normal sera The total protein content is also not 
very low This is interesting m view of the fact that tlie patients ha^^ng 
hydrocele are otherwise normal There is no disturbance of the metabohsm or any 
manifestation of other pathological symptom It has been shown by Chopra, 
htukherjee and Rao (1934) that the physical and chemical characters of the blood 
m filariasis patients do not change to the same extent as are found in certain 
protozoal diseases such as kala-azar, syphilis, etc where the changes are more 
marked It is, therefore, probable that the high concentration of the protein in 
the hydrocele fluid is not derived from the blood stream m which case the blood 
xcould liaxm been appreciably poorer m protein content Peters and van Slyke 
(1931) favour the view of Starling, that where the protein content of tissue fluids 
IS not high but only comes up to as much ns 0 05 to 0 35 per cent, there is probably 
no change m capillary permeability Wiere the piotcin content reaches n 
higlier value (up to 1 per cent nearly) as in angio-neiirotic oedema there are reasons 
to believe that capillaiy’^ permeability has changed A still greater concentration 
(beyond I per cent) has been explained liy Schade, Olaussen and others (1926) as 
being denxed mainly from disintegrated ccllidar tissue and only’ parti v from the 
proteins m the blood stream In support of this they show'ed that purulent 
material from abscesses even if it is freed from cells by centrifugation lunv 
contain as much as or more protein than serum In the light of t.hese obsenmtions 
it IS leasonable to conclude that tlie hydrocele fluid is an inflammatory exudate 

The low value for the surface tension is difficult to explain In a previous 
paper (Chopra and Choiidhury, loc cif ) it was pointed out that euglobulin is res- 
ponsible for the greater lowering of surface tension m sera from kala-azar patients 
But in hydrocele fliuds there is no such increase of euglobuhn Hoxvever, in course 
of our experiments with the fluids xve always noticed a distinct colour of the 
which suggests the presence of bile salts xvliich are known to dimmish the surface 
tension Cholesterol also depresses the surface tension to a ceitaiu extent, hut t le 
amount of cholesterol generally present in these fluids is not sufficient to acconn 
for the diminution m surface tension It is also possible that some surface nc ive 
substances are produced as a result of the local inflammation 
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Prom Table II it also be seen that the pH and liuffer action are also 
sbghtly louver than that of sera Normal or pathological sera in kala-azar, malaria, 
fihria, etc have all got sbghtly higher buffermg capacity This is m keepmg with 
the observation that all evudates have low buffering capacitv, but in onr cases 
it IS not BO low as m other exudates Tins slight diminution may possibly be 
due to the lower protem content of tlie fliuds 


SUMJIAR\ fO^.CLUSIO^S 

Tlie protein fractions of hydrocele fluids have been estimated foUowmg the 
method of Eobertson The results show that the fluids belong to the class of 
exudates 

The biifFer action and surface tension of these fluids are low Sugar m varying 
amounts is present in aU the hydrocele fluids exammed 
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STAPHYLOCOCCI IN VACCINE LYMPH 

BY 

K P iMENON, LM & s,LRCP & s 
{From the King Inslilute of Preventive Medicme, Ckiindy ) 

[Received for pnbbcstion, November 22, 1940 ] 

In laying doivn standards of pnrity for calf lympli, the significance of itajihy- 
lococci has been vague There has been no agreement as to what extent the presence 
of staphylococci should be restneted m a given batch of lymph to be issued for 
field use ‘While the Ministry of Health m England have laid down m the Thera- 
peutic Substances Act of 1925 as a miTumnm standard of punty of vaceme lymph, 
5,000 organisms per c c , no question has been raised as regards their pathogenicity 
The Office Internationale d’ Hygiene Pubhque appointed in 1932 a Committee on 
vaccmation whose questionnaire to vanous vaceme lymph experts did not ehcit 
any opimon which may be considered unanimous because the proportion m which 
these orgamsms occurred m lymph vaned withm wide limits m different mstitutes 
m spite of all precautions m the manufacture The Comnuttee also published m 
1933 a report by Dr Davide of Stockholm on the biological and pathogemc charac- 
ters of several strains of staphylococci All these strains of staphylococci were of 
human ongin, both from pathological lesions and from normal skm There is no 
record of a similar study on staphylococci isolated from calf lymph 

This note is based on a study of staphylococci, with special reference to 
S aureus, isolated from calf lymph during a period of three and a half years at the 
King Institute, Gumdy Several strams of S aureus and S albus were isolated from 
different batches of calf lymph soon after manufacture and before the lymph had 
more than one week’s contact with 60 per cent glycerme, and also from Ijmph 
stored at a temperature below 0 0°C for more than three months 

For isolation of staphylococci 0 1 c c of lymph m a 1 m 6 dilution was moculated 
m 10 c c of glucose broth After 48 hours’ incubation at 37°C , the broth culture 
was plated on agar plates and meubated for 24 hours From the plates, several 
colomes of staphylococci were subcultured The pathogemc character of the 
orga nisms was detennmed by the presence of certam properties described by vanous 
workers from time to time as mdicative of pathogemcity, viz plasma coagulation 
hsemolysis and mannite fermentation The techmque of Fisher (1936) was employed 

J, mb ( 269 ) I 
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for tlie plasma coagulation test and that of Thompson and Khoraso (1937) for 
hremolysis and manmte-fernicntation tests Tlie power of production of exotoxin 
and its pathogenicity to rabbit skin was determined after the method of Parker 
(1924) In all 373 strains of S mirciis and 80 strams of S alhus obtained from 
lymph soon after manufacture and 132 strains of S aureus isolated from lymph 
stored belo^i 0 0°C for more than three months -nere studied They are divided 
into three groups The analysis of these groups is given m Tables I, II 
and III — 


Table I. 

Analysis of group I — 373 strains of S aureus 


>.ntiiro of 

Number 

posltl^o 

Percentage 

ToMcity to rabbit t,Km 

o 

051 

All tbrco tests positno 

; 21 

5 6J 

Plasma coagulation alone 

1 

8 57 

Htomohsis alone 

17 

9 91 

IMannito fermentation alone 

58 

16 65 

All tests negnti\e 

1 

222 

69 61 


Table II 

Analysis of group II — 80 strains of S albus 


Nature of tests 

Number 

positive 

Percentage 

Toxicity to rabbit skm 



All three tests positive 



Plasma coagulation alone 

26 

32 6 

Hcemolysis alone 

6 

76 

Mannite fermentation alone 

13 

16 26 

All tests negative 

36 

43 7o 
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Table HI 

imhjsis of group HI — 132 stra^ns of S aiiieuB tsolaled from 
lymph stored not less than three months 


Nature of tests 

Number 

positive 

Percentage 

Toxicity to rabbit skm 



All three tests positive 

i 


Plasma coatjnlation alone 

1 

1 

! 


H»molysis alone 

* 1 

1 

10 

76 

Mamute fermentation olone 1 

19 j 

i 

14 34 

1 

AH tests negative 

103 i 

1 

78 03 


y B — Three tests 1 Plasma coagulation 

2 Htomolysis 

3 Mannite fermentation 


In Table I under group I, out of 373 strains of S aurems, only 21 strains or 
5 63 per cent tvere simultaneously positive to three tests, vm plasma coagulation, 
hemolysis and marmite fermentation. Tiro hundred and twenty-tiro or 69 61 
per cent of the strains were entirely negative to all tests The remaimng 128 
strains gave positive reactions to one or two only of the tests Two strains, i e 
0 53 per cent, gave a positive toxicity test to rabbit skm, but they did not 
give this reaction to monkey skm {M radiata) These two strams were from 
among those 21 strains which gave the three tests positive Among others none 
gave a positive toxicity reaction when tested on rabbit skin 


^ ^ ^ ^ one steam out of 

the 80 has given all the three tests simultaneously positive, 43 76 per cent were 
negative to all tests , the rest were positive to one or two tests only, not' one eivme 
a positive toxicity reaction on rabbit skin 
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In Table III under group HI, out of 132 strains of S aurem isolated from 
lympb after storage for over three months, not one stram was positive to all the 
three tests 78 03 per cent were negative to all tests Agam, it is significant to 
note that all the strams were negative to the plasma coagulation test to which 
reaction some workers attach considerable importance m detennimng the patho- 
genic character Not one stram was positive to the toxicity test on rabhit skin, 
although two strams m this group were isolated from the same two batches of lymph 
from which two toxic strains under group I were isolated It is thus clear that the 
toxic strains of S aureus with power to produce exotoxm capable of producmg 
lesions on rabbit slon do occur though very rarely , only 0 63 per cent m this group 
of 373 strains These two strams, when tested for toxicity on monkey’s skm, gave 
negative results on repeated trials It is also shown that these organisms do not 
retam them toxic property when isolated from lymph which was stored m contact 
with 60 per cent glycerine over three months at a temperature below 0 0°C 

The characters of eight strams of S aureus isolated from eight different hatches 
of lymph soon after manufacture are given m Table IV and the characters of eight 
strams of the same orgamsm isolated from the same batches of lymph after storage 
from three to six months are shown m Table V. 


Table IV. 


Analysis of 8 strains of S aureus. 


Number j 

1 1 

Plasma 

coagulation 

1 Hsemolysis 

Maniute 

fermentation 

Toxioity 

71A 1 

+ 

1 1 

+ 1 

+ 

-h 

IQk 

1 

1 + 

1 

+ 

+ 

— 

81A 

1 

-I- 

+ 

+ 

-f- 

88A 

1 -1- 

-1- 

i 

+ 

— 

91A 

+ 

-f- 

+ 

— 

93A 

+ 1 

+ 

-f 

— 

96A 

-t- 

+ 

+ 

— 

102A 

-f 

+ 

+ 

— 
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Table V. 

Analysis of 8 strains of S ameus [after storage) 


dumber 

Plasma 

coagulation 

Hcemolysu 

Manmte 

fermentation. 

Tonoity 

71B 

I 

: 1 

1 

! -- 1 

1 1 


1 

- 

76B 

] 


- 

— 

SIB 

' 1 
' - 1 

-i- 

1 

+ 

- 

8SB 

' _ 1 

1 

- 

— 

— 

91B 

1 ~~ 

1 

+ 

- 

— 

93B 



- 

— 

95B 

- 

1 

— 

— 

102B 

_ 

“ 

““ 



Table TV sho^vs that all tbe stiams 'were positive to the three tests, plasma 
coagulation, hasmolysis and maimite fermentation, and two of them, Nos 7lA and 
81A, were toxic to rabbit skin m addition , as seen in Table V, however, the two 
latter lost their toxic character and none of them gave positive plasma coagulation , 
only one stram retained the power to ferment manmte and four strams retamed 
the hcemolvtic property It appears, therefore, that even though some batches of 
lymph may contam toxic strains of S aureus, they lose this character after storage 
in contact with glycerme 

It also appears that the strains of S aureus lose then toxic character more 
readily than hfemolytic and other properties Two strains whose broth culture 
filtrates were highly toxic to rabbit skm, causmg severe inflammation and necrosis, 
when subcultured m senes on agar lost the toxic character after about 12 senal 
subcultures, but plasma coagulation, haemolytic and other properties were retamed 
even after the 40th subculture on agar 

Regarding S albus none of the 80 strams studied were found toxic to rabbit 
skim Not one smgle stram showed aU the other three pathogemc properties, viz 
plasma coagulation, haemolysis and maumte fermentation, smndtaneously 
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Considering tlie extent of the akin reaction the toxin produces, the importance 
of the toxic strains of S aurms cannot he ignored although such strams occur only 
rarely when adequate precautions are taken in manufacture It has now been 
adopted as one of the routine tests for the purity of calf lymph at this Institute 
This procedure has not affected the manufacture in any appreciable degree as the 
number of batches of lymph which had to be rejected on account of ^he presence 
of toxic S aureus were only three out of 600 batches of lymph manufactured m 
four years 

SUMMAEY 

Details regardmg a study of several strams of staphylococci isolated from calf 
lymph are given m this note Only two of 373 strams of jS aureus were found tone 
to rabbit skm but not to monkey skm All other strams were negative mcluding 
80 strains of S albus and 132 strams of S aureus isolated from lymph after three 
months’ storage It appears that the toxic property is readily lost on storage m 
50 per cent glycenne but the other properties persist longer It is suggested that 
batehes of lymph contammg strains of S aureus which produce exotoxm should 
not be issued for field use By adoptmg this as a routme test, there has been 
no appreciable loss m the manufacture on account of rejection of lymph due to 
the presence of toxic S aureus 
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Eollowikg the introduction of sulphanilaniide vanous derivatives of tins 
interesting compound are bemg prepared and the pharmacological charactenstics 
deterrmned, especially to find out a drug that might be less toxic and at the 
same time exert a more videned activity Most of the compounds are, houever, 
bemg found either to possess no special anti-bactenal activity, or if so, extremely 
toxic for chmcal use By substituting the amide hydrogen of sulphamlamide by 
other cham or nucleus, compounds are bemg isolated vrhich are of considerable 
therapeutic mterest In continuation of our previous work (De and Basu, 1938) we 
prepared certam compounds by reactmg p-acetyl ammo benzene sulphonyl chloride 
with vanous 2-ammo thiazoles , but m the meantime several papers (Eosbmder 
and Walter, 1939 , Lott and Bergeim, 1939 , McKee et al , 1939 , Bake et al , 
1940) have already appeared on the chemotherapy of sulphathiazole compounds 
These are being found to possess a specific action against pneumococcus as well 

( 265 ) 
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as Staphylococcus aureus (Herxell and Brown, 1939) Accordingly, investigations 
are in progress to find out tlie therapeutic activity of the compounds prepared 
in this laboratory and the present paper deals with the protective action of 
2-sulphanilamido-4-methylthiazole (I) m type I pneumococcus infections m mice 


Experimental 

2-suIphaniIamido-4-methylthia2ole was prepared from 2-N^-acetyl sulpha- 
mlamido4-methylthiazole (Fosbinder and Walter, loc, ext ) by refluxmg the above 
acetyl compound with 5 per cent hydrochloric acid in dilute alcohohe solution 
The hydrolysed solution was diluted with ammoma and the sohd foimd was 
crystallized from dilute alcohol, when the compound separated m imcroscopic pale 
buff coloured needles, mp 236°C to 238°C It is sparmgly soluble m water, but 
readily dissolves in dilute acids and alkahs 

Assessment — In the experiments described below' the drug has been given to 
mice in 2 per cent gum tragacanth suspension by means of a laclir}Tnal cannula with 
a bulb-pomt The animals used weighed about 22 g to 26 g The amount of 
drug given at each admimstration and the number of animals used are stated m 
the respective protocols The orgamsm for produemg the infection was a type I 
pneumococcus taken from a stock laboratory stram The maximum virulence 
of the strain was mamtamed by repeated passage through mice The organisms 
were then cultured in serum broth for 18 hours at pH Ca 7 8 The evaluation of 
the minimum lethal dose was made by determimng the highest dilution of organisms 
that would kill 50 per cent of mice It was usually noticed that 0 2 c c of a 10 ® 
dilution of the IS-hour broth culture of pneumococci was the minimum lethal dose 
The origmal 18-hour broth culture was then so diluted as to afford 1,600 m 1 d 
per 0 3 c c which was the mjectmg dose The observations were made over a 
period of 7 days m all cases studied 

The protective action was also noticed by subcutaneously treatmg the mice 
with the thiazole derivative m watery suspension (0 8 per cent) contaimng sodium 
bicarbonate (0 065 g per c c ) to ensure an even distribution and consequent 
better absorption The drug c c of the suspension 4 mg ) has been given 
on three occasions for both the experiments {vide Table II) half an hour 
before tune of moculation, 6 hours afterwards and then once after 24 hours 
The number of mice used m each experiment was 8 and the control was made 
with 6 animals 

A relative therapeutic activity of the thiazole was compared with that of 
2-(p-ammo benzene sulphonamido) pyndme {vide Table HI) In this case the mice 
were previously fed with a dose of the drug m 2 per cent gum tragacanth one 
day before mjection The average survival time has always been calculated by 
totalling the number of days survived by each mouse and then dividmg by the 
number of ammals used in each mvestigation accordmg to the procedure followed 
by Wkitby (1937) 
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Table I 

Protection by sulphamethylthiazole on mice (average iveigJU 22 g to 25 g) 
against pneumococcus type 1 

Infecting dose 1,500 m I d from 18-hour broth culture 


Day of obser 

C0^•1E0L, 

1 

Group A. j 

Totai. dose 60 310 ! 

1 

Group B 

Total dose 76 mg 

infection 

Dead. 

\ Survived 

Daily 

dose 

fed. 

Dead ! 

Survived j 

1 

1 

Daily 

dose 

1 fed. 

Dead 

f 

1 Survived 

1 

i 

0 

1 

12 

1 

20 

1 

0 ’ 

12 

30 

1 

1 

! 

12 

2 

12 


20 

0 

12 

30 


11 

3 



i 

2 

10 

16 

3 

8 

4 




4 

6 


1 

7 

S 



1 

2 

4 


1 

6 

6 




0 

4 

i 

0 

6 

7 




I 2 

1 

2 

i 

1 

1 0 

1 

6 


Table II 

Mice treated subcutaneously until sulphamethylthiazole (0 8 per cent suspension) 
(average weight 22 g to 25 g) 

Total dose of drug injected 12 mg 


Total number of mice treated in each experiment 8 


Infectmg dose 

Control 6 mice 

Number of mice dying on 
given day after infection 

1 

a 

1 Survived 

1 

Average 
survival days 
(Max —7) 

1 j 

2 

3 

4 

6 

1 

6 ' 

7 i 

1,600 mj d. j 

1 

1 All dead within 

H 

H 

0 

1 

2 

H 

H 

0 6 

6 

1 

24 hours 









6,000 mid 

All dead mtlun 

■1 


Bl 

1 

m 

4 

i 0 , 3 

6 6 


24 hours 


1 ° 



1 


1 1 









268 


S^ilpJiatliiazole Gom'pounds in Pneumococcus 


Table III 


Oral tngesbon of the drug on mice (total ammals 20 , average weight 

22 g to 2b g) 

Infecting dose 1,500 nild from 18-hour broth culture 



1 

1 

Intake of 
drii!;, ni" 

NUMBEn OF SUOE SUEVlViNG tVITlI 

Dftj 

Siilpliamctlij Khiazole 

1 

j SuJphapj ndino 

1 

No drug 

1st 

JO 

20 

20 

1 

1 

1 

1 

Intmpontoncnl inoculation Mitb pneumococcus t 3 po I 

2n(l 

, 20 

; 20 

20 

10 

3rd 

1 20 

20 

20 


4th 

20 

! 

14 


6th 

1 

12 

14 


0th 

1 

12 

12 


7th 


12 

12 


8th 


10 

1 

12 


9th 1 

I 

10 

10 



Table IV 


Summary of all experiments on oral administration of drug 


Doso of drug, mg 

Infecting dose, 
mid 

Total number of 
mice used 

Average 
survival davs 
(Max —7) 

Nrl 

1,600 

12 

1 


1,600 

1 

10 

0 63 

Sulphamethylthmzolo 

60 

1 

j 1 

1,600 

12 

42 

76 1 

1,600 

12 

47 

100 1 
1 

1,600 

20 

61 

-1 

1 

Sulphapyridine 

100 

1,600 

20 

62 



A N Bose, S J Das Gupta and U P Basil 


269 


Discussion and conclusions 

There is httle available data concerning the experimental use of sulpha- 
methylthiazole (Herrell and Broivn, loc cit , Ivfinovics, 1940) The present work 
was mainly undertaken to have an idea on the efficiency of the drug m the 
control of pneumococcus infections m rmce The results so far obtamed mdicate 
that this compound exerts a defimte protective action whether mgested orally or 
subcutaneously (vide Tables I to III) In relative comparison with 2-(p-ammo 
benzene sulphonamido) pyndine (sulphapyndme) {mde Table III), it is bemg noted 
that it is almost as active as the latter compound which is bemg dmically found to 
be efficacious agamst pneumococcal pneumoma The shght difEerence m the 
average survival days, 5 1 and 6 2, as found m Table W, may be neglected if the 
survival penod be emended to the 8th day after infection when the mortality rate 
m both the groups of animals treated with the difierent drugs comes to the same 
percentage (vjde Table III) The evaluation of this new chemotherapeutic drug 
necessitates an extensive experimental mvestigation regardmg its chrome toxicity, 
effects on different body tissues and organs, as well as its rate of absorption and 
excretion. Work m this direction is already m progress The autop^ and the 
blood culture of the dead animals showed pneumococcal infection, and it may be 
pointed out here that none of the animals so far treated with sulphamethylthiazole 
showed any untoward symptoms other than those of the infections Prom a 
comparative therapeutic activity of sulphapyndme with sulphathiazole, Litchfield, 
White and Marshall (1940) have very recently opmed that both are equally active 
But the compound sulphamethylthiazole may be more easily prepared Accordingly, 
its anti-pneumococcal activity demands a borough clmical mvestigation m finding 
out a drug with a lower toxicity agamst this dreadful disease 
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272 Himmn Bile after Bexamine and Sulphamhmide Admimstmtion 

An opportunity recently occurred of observmg the effect of oral adminietiation 
of some dnigs durmg them excretion in the bile in the case of a patient with a biliary 
fistula following operation ■' 


I Experiments 

It was found that samples of bile drained through the fistula were mvanably 
contaminated The samples were therefore passed through small L3 Pasteur- 
Chamberland candles and the sample of filtrate obtained was inoculated mto broth 
medium and incubated at 37°C for 48 hours If no growth was visible durmg 
this period the sample was considered sterile 

Three organisms which are usually considered to cause infections of the biliary 
tract, viz (1) B coh communis, (2) B typhosus and (3) Streptococcus Jicemolyticus, 
were chosen for the study 

The experiments were conducted to study the foUowmg points — 

(a) "Whether after admimstration of hexamine or sulphanilanude, bactencidal 

or bactenostatic properties develop in the bile , 

(b) "Wliether the effect can be studied vitro with hexamine 

The bactenostatic or bactencidal properties of sulphamlanude in vitro have 
been so extensively studied that these experiments were not repeated 

(a) About 20 c c of bile vas collected from the fistula and as mentioned before 
filtered through L3 candle 

A normal sample of bile before admimstration of drug was tested for bacterio- 
static properties and served as control 

The samples of bile after admimstration of the drug were collected for 7 days 
after admimstration of hexamme and for 6 days after admimstration of sulphanil- 
amide The doses of drug admimstered are recorded m Tables I and 11 

The test was conducted as follows — 

Six tubes were set up, the first tube was an empty sterile test-tube, the 
second tube contained 1 c c of nutrient broth, the others contamed nutrient broth 
in 2 c c quantities 

Into the first tube 2 c c of the bile sample were introduced mamtaimng the 
usual aseptic precautions 

Into tubes Nos 2 to 6, graduated quantities of the bile were added to the broth, 
and the final volumes made up to 2 6 c c where necessary with the addition of 
broth Tube No 6 contained only broth 

Three such sets were put up 

The first set was inoculated by a 2-mm diameter loop with a young cultur^f 
B coh communis The second set was moculated similarly with B typhosus The 
third set was moculated with Streptococcus hccmol^icuc 

AH these experiments were repeated twice and gave identical results The 
data are reproduced m Tables I and II 
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(6) The second part of the vrork -n-as undertaken because it was not possible 
to analyse chemically the different samples of bile for detecting the presence of 
hexainine or its spht products, or to determine quantitatively the actual concen- 
tration of hexamine that would be necessary to confer the bacteriostatic property 
to bile 

Tor this part of the test, we took 9 tubes with 2 c c of broth and added 
hexamme in graduated quantities to the first 8 tubes The last tube did not have 
hexanune and served ns a control 

Three sets were put up, and as in the first part of the work were inoculated 
respectively with B coh communis, B typhosus and Streptococcus hcmolyticus 

The data are reproduced m Table HI 

In the experiment, the pH of the samples of bde after administration of 
hexamme was also recorded with the glass electrode with the view of determmmg 
whether the inhibitory effect might be due to the alteration of the pH of the bile 
from its normal limits The pH is recorded m Table I and enables us to study 
whether there is actually any relationship of the pH with the bactenostatic properly 
developmg m the samples 


Discussion 

Hexamme {Table I) — Bacteriostatic effect of hexamme on streptococci was 
noticed after 160 grams had been administered, the growth bemg defimtely scanty 
though there was hardly any effect with this dosage agamst B typhosus and B coh 
This effect was gradually more and more marked and the maximum control of 
the growth could be seen after 480 grams of the drug when the bactenostatic 
effect was obtamed even m a dilution of 1 m 25, the growth bemg practically 
negbgible Full control in aU the dilutioiis was obtamed after a dosage of 660 
grams 

The growth of B typhosus on the other hand was inhibited to an appreciable 
degree in undiluted bile only after a dosage of 240 grams The effect reached 
maximnm after 560 grams but even at this dose the dilute bde showed practically 
no effect on the B typhosus (cf streptococci), whereas B coh after 560 grams was 
found to be just inhibited even m pure bile, and m diluted samples naturaUv the 
growth was fairly heavy The bactenostatic effect of bde after administration of 
hexamme agamst B coh is minimal as compared to its effect on streptococci and 
B typhosus 

As regards the pH vanations and the relationship with the bactenostatic effect 
after hexamme admmistration, it may be seen from Table I that the vanation was 
more or less towards the alkahne side However, the variation did not show any 
definite progressive change and no definite relationship between the bactenostatic 
action and pH could be ascertamed 

To sum up, the bacteriostatic effect of bde after administration of hexamme 
was highest agamst streptococci, least agamst B coh and intermediate agamst 
B typhosus ^ 
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It will be of interest to compare the above results with those of Table III which 
shows the effect of hexamine in different concentrations in vitro agamst three 
organisms The results to a remarkable extent correspond with the findings of 
Table I We find that hexamme even up to 0 3 per cent inhibits the growth of 
strejylococci up to 72 hours In the same concentration, the growth of B iyphosns 
was inhibited up to 48 hours, but there was absolutely no effect on B coh 
B coh growth was only mhibited at a concentration of 6 20 per cent 

Clinically, there are undoubted cases of satisfactory response of gall-bladder 
infection with massive hexamme therapy (with alkalis) From the above obser- 
vation one feels justified in stating that it is reasonable to expect control of gall- 
bladder mfection especially due to streptococci with hexamme 

Sulphanilannde (Table IJ ) — The bacteriostatic effect was comparatively more 
marked agamst streptococci after a dose of 28 grammes per oral administration m 
undiluted bde, but B coh and B typhosus show ed a considerable growth even after 
this rather heavy dose The inhibitory effect was noticed to some extent m un- 
diluted bile agamst B typhosus after 32 grammes, but there was no effect agamst 
B coh even after this dosage The bacteriostatic effect against streptococci was 
noticed in a dilution of 1 in 5 of bile after 32 grammes. 

Summary 

1 A patient with biliary fistula was admimstered hexamme and sulphanil- 
amide orally, to study the bacteriostatic effect of the excreted bile in mtro against 
streptococci, B typhosus and B coh 

2 The pH of the excreted bile after hexamme admimstration was also 
recorded 

3 The bacteriostatic property of the bde, after administration of hexamme 
as well as sulphamlanude, wms most marked against streptococci The effect on 
B typhosus was comparatively less satisfactory and B coh reacted the least 

4 The results with hexamme were confirmed also in intro 
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Shomng the bacteriostatic 'property developing in Ule after administration of sidphamlamide (orally) 
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BALANCED DIETS 

Part II 

STUDIES ON THE NUTKITIVE VALUE OF FISH. 

BY 

S P NIYOGI, 

V N PATWABDHAN, 

B N ACHARYA, 

Aim 

R G CHITRE 

{An Inquiry under the Indian Research Fund Association ) 

{From the Physiology Department, Seth Gordhandae Sunderdas Medical 
OoUcge, Pard, Bombay ) 

[Received for publication, November 17, 1940 ] 

In the formulation of cheap and well-balanced dietaries difficulty is often 
encountered m finding foodstuffs which are nch m proteins of high biological value 
and at the same tune cheap Although milk, meat and eggs are the chief sources 
of protems of high biological value they do not form any appreciable part of the 
daily diet of poor people due to their hi^ cost A survey of dietary habits of poor 
non-vegetanan groups of people in Bombay revealed t^t they consume a large 
quantity of fresh fish m preference to meat In the stall poorer stratum of the 
population salted and dried fish is taken probably because of its comparative 
cheapness 

In Europe as well as m Amenca a large volume of i\ ork has been done on the 
uutntive value of fish (Atwater, 1887 , Wilhams, 1911 , Clark and Almy, 1918 , 
Ddl, 1921 , Shostrom, Clough and Clark, 1924 , Gibbs, 1927 , Peterson and 
Elveh]em, 1928) In India some mvestagataons have been earned out by Guha 
and his colleagues on fresh-water fish m Bengal (Chakravorty, Mookerjee and Guha, 
1933 , Ghosh, Chakravorty and Guha, 1933 , Ghosh and Guha, 1934, 1936 , see 
also Basu, Sucar and Gupta, 1940) and by De, Majumdar and Sundararajan (1938) 
and Seshan (1940) m Madras The former group of mvestagators has shown that 
Bengal fresh-water fish provides a nch source of protems of high biological value 

( 279 ) 
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and minerals, siicli as calcium, phospliorus and iron They further found that the 
hver oils of some of the varieties of fish investigated, uere considerably ncher m 
vitamin A than an average sample of cod-liver oil , the body fats, however, were 
found to be devoid of vitaimii A 

A study of the hteratiire has shouii that no systematic m\ estigation has been 
made of the nutiitive value of fish caught in coastal waters of Bombay and the 
Konkan and consumed b> the mhabitnnts as fresh or as salted and dried fish 

Experimental 

Selection of the sample — The procedure adopted in samphng depended upon 
the size of the fish under examination If the fish was very small a numbei 
sufticient to w eigh about 500 g w ns taken m one lot In the case of a big-sized fish 
a portion of about eight inches square and three inches deep was cut out from the 
back near the middle of the body The edible portion m either case was separated 
The fleshy portion w'as minced and the pulp subjected to analysis as follows — ■ 
Analysis — The nnneed edible portion of the fish, separated from the bones 
and other non-edible portions as stated above, was diied at 45°C m a current of 
hot air and powdered '\\Tien dried fish was being analysed this prehimnary drying 
W'as not necessary 

The moisture content was determined on a fresh weighed sample of fish by 
drying it to constant weight in a steam-oven at 100°C The estimation of mtrogen 
was carried out by Kjeldahl’s method , the amount of N thus obtained was multi- 
plied by the factor 6 25 for obtainmg the total proteins The amount of fat was 
determined by extraction of the dried material with ether The ash w'as estimated 
by Stolte’s method described by Peters and van Slyke (1932) 

The ash was dissolved in dilute hydrochloric acid, filtered from msoluble 
residue and washed with water Tlie filtrates and washing were made to a knovn 
volume and aliquots of this solution were used for the determination of phosphorus, 
calcium and iron Phosphorus was estimated by Brigg's (1922) modification of the 
Bell and Doisy method , calcium by the volumetric permanganate method described 
by hlcCmdden (1909, 1911) and iron accordmg to Kennedy (1927) In Tables I and 
II are given the results of analyses of dried and fresh fish respectively These 
results are the means of two samples collected at different tunes , the dupheate 
samples of each variety collected at different times did not vary beyond 2 to 
3 per cent in composition The ash content of the dry fish has not been included 
in Table I as the ash in this case would contain a large proportion of NaCI due to 
the common salt used in the process of salting and drying 

Estimation of vitamin A 

The method of Carr and Price (1926) as modified by Coward et al (1931) 
was adopted for the investigation of the vitamin A content of fish-hver one 

The finely mmced hver was ground up with anhydrous sodium sulphate an 
extracted repeatedly wnth ether m the cold, the ethereal extract was disti e m 
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Rangoh 86 '/O 66 00 10 80 1 200 73 00 113 28 1 005 0 0237 1 625 



Taulc III 

V^tamvn A %n frcsh-livcr oil 

* Avcroffo cod-liver oil 118 blue units per gramme of oil 



* Tlio figiiro of 118 blue units por grammo for the average cod liver oil mob arrived nt by finding the moan of n number of observations on soveml samples 
of the oil suppliwl in bulk to the K E M Hospital, Bombay 
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presence of nitrogen and the solvent completely removed Traces of moisture v ere 
removed by dr 3 ang the oil in vacuum over PoOs A senes of dilutions of oil were 
prepared in dry redistilled chloroform The intensity of the colour produced 
\\hen 0 2 c c of each diluted solution A\as mixed mth 2 c c of antimony tnchlonde 
leagent in a cell, Mas matched mth Lovibond tinted glass (the colour being matched 
within 30 seconds) 8i\ or more readimis were talren in each case and their mean 
found Tlic results of vitamin A content of liver oils expressed in terms of blue 
units ns rend on the tintometer and calculated per g of oil are given in Table III 

Discussion 

In Tables I and II are gi\en the results of the anahsis of thirteen varieties of 
the dried fish and fine larieties of fresh fish respectively As was expected, all of 
them contain large amounts of proteins 

Scliorniuller (1937) ivorking on the digestibibty of the proteins of fish voth 
pepsin and tr)'p3m has come to the conclusion that fish proteins are easily 
digestible and the digestibility is comparable wnth that of egg albumm Basil 
and Gupta (1939) working on the biological value of the proteins of some species of 
Bengal fish by the nitrogen balance and tlie grow th method have concluded that 
the different fishes studied by them contained a large percentage of protems of 
very good quality 

It lias been mentioned that fish is comparatn ely a cheaper article of diet than 
meat, milk or eggs The price of salt water fish vanes with the type of fish and the 
amount of the catch Although most varieties of freshly cauglit fish are cheaper 
mutton, there are a few which are considerably more expensive There are 
s, however, mostly consumed hy poorer people which are even cheaper than 
. f 

The salted and dry fish works out chenpei than fresh fish as regards protein 
■tent even though their cost per pound of matenal be the same Thus 100 g 
I fresh fish yield between 12 58 g and 20 87 g of protein whereas the same quan- 
« y fish wnll yield from 27 77 g to 76 ('7 g of protems The same can be 

the mineral contents 


Vitamin A content of liver and body oiis 

In Table III aie given the values of vitamin A content of fifteen common 
varieties of fresb fish-liver oils In the table are also included the average weights 
and the percentages of oils of fresh fish livers stuibed The majority of these oils 
wmre found to be neb in vitamin A, its amount being several times larger than that 
found m an average sample of cod-liver oil These results open up a new possibility 
of utilizing local sources of supply of oil rich in vitamin A for therapeutic purposes 
Further work on the seasonal variation of the yields of oil and of vitamm A from 
these fish livers is in progress 

An inquiry into the food habits of fisli-eating class of people has shown that 
fish livers are not normally eaten In view of their rich vitamin A content it w ould 



S P N'lyogi, Y N Patioardhan, B N AcJiarya and R G Glnlrc 286 


seem desirable to encourage tbe practice of eating fisb liver, tlioiigli the question of 
its palatabibty is an important factor to be considered 

The chemical tests did not reveal the presence of vitamin A in the body fats 
of these vnneties of fish 


SuMMAR-y 

1 Thirteen varieties of dry and five varieties of fresh sea fish liavc been 
analysed for proteins, fats, calcium, phosphorus and iron The results show that 
these fish constitute a cheap source of animal proteins and essential minerals such 
as Ca, P and Fe 

2 The hver oils of some of these fish, namely ray as, ghol, shengti, mushi, 
and halva were found to be several times ncher in vitamin A content than ordinary 
cod-hver oil The body fats of dried and fresh fish do not probably contain vitamin 
A in appreciable amounts 
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luglier dizTjng the pre-menstrual period and lower during the menstruation 
(vvakeham, 1923) For the sake of uniformity in the comparison of data the 
tests were done in the uon-menstrual period between the fourth and tenth day 
after menstruation 

Apparatus and technique — These were the same as reported m our first paper 
(Niyogi et al , 1939) The closed circmt type of apparatus was used for deter- 
mimng the oxygen consumption and the mean of the second and third day series 
of observations which was invariably lower than the average of first day readings, 
was taken as the true figure for calculating the result The heat production was 
• calculated by reference to the tables on the assumption that the R Q in the post 
absorptive stage was 0 82 

Estimation of creatinine — This estimation is based on the red colour which 
develops when an allcaline solution of picnc acid is added to a solution of creatinme 
This IS compared with the colour of a standard creatimne solution The 
estimation was earned out accorebng to the method desenbed by Peters and van 
Slyke (1932) 

Creatinine coefficient — This was calculated by dividmg the number of milh- 
grams of creatimne excreted daily by the body-weight measured in kilograms 

Total unnanj nitrogen — This was estimated by Kjeldahl’s method 


The nature and purpose op investigation 

The basal metabolism is subject to a certam margm of variation due to the 
operation of a number of factors which so far have proved mcapable of control 
Among these may be mentioned variation due to techmque, changes in the nervous 
tension of the subjects and the degree of muscular relaxation attamable DuBois 
(1936) mentions that an error of 1 to 2 per cent is likely to occur in case of close- 
circmt determmations m which a respiratory quotient of 0 82 is employed for the 
calculations Too much reliance, however, should not be placed upon the value 
of the respiratory quotient as an unequivocal criterion of the oxidative metabohe 
activity The respiratory quotient in a given case is imdoubtedly the resultant of 
several distmct metabolic processes — synthesis, interconversions as well as com- 
bustion The constancy of metabolism under a great variety of conditions may 
not represent so much a constant state of cellular activity but may rathei reflect a 
lack of refinement in the techmque 

The metabohe rates determined on the lowest readmgs of successive deter- 
mmations are about 3 per cent lower than the rates calculated on the averages of 
the first day readmgs Even when due allowance is made for the metabohe rate 
bemg mfluenced by these causes there still remains a large difierence to be accounted 
for and we must look to some other factors to explam the low B M E of the subjects 
that we have mvestigated The low metabohsm has been attributed to one or 
more of several factors, such as low protein mtake, low blood pressure, excessive 
humidity and high temperature of the atmospheric air, undernutrition, greater 
degree of physical and mental repose noticeable in people hnng m the tropical and 
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3 ub-tropical regions and to some mlieient racial peciilianty The data incorporated 
m the present commumcation have been utilised for the di^ussion of the relative 
importance of the above factors in the lowenng of metabohsm 


Influence oe diet 

Benedict and Roth (1915) did not find any significant differences m the meta- 
bolism of the vegetanana and non-vegetanans and this was confirmed by Harris 
and Benedict (1919) ilcClellan, Spencer and Falk (1931) investigated the basal 
metabolism of two Arctic explorers hvmg for two months on an exclusively meat 
diet m the Sage calorimeter, but they did not notice any sigmficant change in 
metabohsm Krogh and Lmdhard (1920) on the other hand found a decrease of 
metabolism on a low protein diet Biemng (1931) confirmed this finding m one 
tramed subject Deuel (Deuel et al 1928) also has reported a drop m his own 
metabohsm when he was on a non-protem diet In view of the contradictory results 
obtained by difierent workers evjienments were undertaken to find out if there 
existed any relationship between basal metabolism and the endogenous as well as the 
exogenous protein metabohsm and if it was possible to find m this an explanation of 
the low basal metabohsm of Indiana ^Vs early as 1914 Pahuer and his collaborator 
(1914) pointed out the possibihty of using urmary creatmme as a basis for evaluation 
of basal metabohsm In a study conducted on 31 men and 21 women, Takahira 
(1927) found that the urinary creatiume was proportional not only to body-weight 
but to basal metabolism as well Wang (1939), however, suggests that some other 
factor or factors aside from active protoplasmic tissue may be responsible for the 
production of either basal heat or creatimne or of both, as the metabohc rate and 
the preformed creatmme content did not run parallel at all the ages in the group of 
children mvestigated bj' her It is qmte conceivable that the metabohc rate does 
not vary so much with the level of creatmme ehmmation as with the level of total 
endogenous mtrogen ehmmation m the urme 


In our experiments several 24-hour samples of urme of ten healthy adult males 
who were members of the staS of the Physiology Department were collected and 
their creatmme content determmed The results are given m Table I It wiU he seen 
that tbe average mdividiial dailv creatimne ebmination was from 1 0 g to 1 7 g and 
the creatimne coefficients of the ten subjects were found to vary between 19 and 27 
From the available data it appears that m Amencans the daily output of creatmme 
amounts to 1 5 g to 2 g for men and the creatmme coefficient vanes from 20 to 26 
The endogenous protem metabohsm of the above subjects as indicated by the crea- 
tmme coefficient does not differ materially from that of Americans Some of the 
subjects havmg a low creatmme coefficient show a higher B M R than that of 
individuals havmg a higher coefficient The low basal metabolism of these ten 
pe^ns caimot therefore be attnbuted to a low level of endogenous protem meta- 
bolism tVith a view to ascertam whether exogenous protem metabolism has anv 
appreciable effect on basal metabohsm the same ten subjects who fully co-onerated 
in the investigation were kept under observation Their average daily outout of 

urmary mtrogen and the B M R were determmed Theu prlem iLke^4,ch 
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was found to be 72 g on an average was increased by tbe daily addition of meat, 
fisb or eggs equivalent to a supplement of 40 g to 60 g of protem per day for nearly 
a mouth Increase m the daily nitrogen output followed Weekly observations 
of the B M E and the estimation of urmary mtrogen were made durmg the period 
the subjects were on extra protem diet The results are included m .Table I 
It will be seen that the average daily output of mtrogen is only 6 96 g m the pre- 
expenmental period, a figure which is much below the European average The 
low urinary nitrogen output in Indians has also been recorded by Sokhey and Maland- 
kar (1939) After the intake of extra protem there is an appreciable mcrease m 
the nitrogen output without any significant rise of basal metabohsm It may be 
argued that the above experiments were of short duration and even after the ad- 
ministration of extra protem neither the excretion of urmary mtrogen nor the 
B M R reached the usual European averages Europeans habitually consume and 
metabolise larger quantities of protems and m them a large protem meal may exert, 
according to Sokhey and Malandkar, a specific dynarmc action for more than 13 to 14 
hours which represent the usual interval that is allowed to pass between an evemng 
meal and the determmation of basal metabohsm done in the foUowmg mornmg 
Even a prolonged mtake of a fairly large quantity of ammal protein m the diet 
may not necessarily raise the metabohc rate as is shown by the results reported 
below We (Niyogi and Sukhatankar, 1939) had opportumties to survey the non- 
vegctarian and vegetanan diets of the nurses m the messes attached to the K E M 
Hospital, Bombay The nurses get a scheduled diet throughout the year The 
vegetarian Bindu nurses consume 101 g of protem daily of which 32 g are of 
ammal origm The non-vegetarian Indian Christian nurses take 118 g of protem 
of which 80 g are derived from animal sources The average B M R of these two 
groups of nurses are as follows — 

(1) Vegetarians 12 Hmdu women = 33 0 calories per sq m per hour 

(2) Non-vegetarians 11 Indian Christian women = 31 4 calories per sq m 
per hour 

It wdl appear that the Indian Christians who habitually consume large quan- 
tities of ammal protems have on an average a slightly larger metabohc rate tlian 
that of the vegetarians This difference, however, is statistically not significant 
It seems probable, therefore, that exogenous protem metabolism, even when 
mamtamed at a fairly high level for long periods, does not necessarily increase 
the metabohc rate 


Influence of temperature and humidity 

In ordmary metabohsm studies the usual procedure is to keep the subject 
comfortable so that he feels neither excessive degrees of heat nor cold A 
sensation of chilhness is accompamed by an mcrease m metabohsm and shivenng 
may increase the heat production two or four times above the basal level (DuBois, 
loc cit) McConnel, Yagloglou and Fulton (1924) exposed a number of men to 
various levels of the ‘ effective temperature an mdex which takes care of external 
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temperature, humidity and air movement They found the metabohsm approM- 
mately level between 62°F and 87°F In Bombay the average annual range of 
variation of external temperature is from 80°P to 86°F and of humidity is from 
54 to 86 per cent The summer lasts from March to May The temperature and 
relative humidity are higher during this period than in any other season Prom 
June to September there is heaiy rainfall and the temperature and the humidity 
are shghtly lower than in summer October is generally warmer than the summer 
months although the average humidity is lower The winter extends from November 
to February, the temperature and humidity being lowest dunng this season The 
average B if R of 15 nurses during the different seasons of the year together with 
the atmosphenc temperature and huimdity are given in Table II and plotted in 
the Graph The data recorded m the table clearly show that the heat production 
13 shghtly higher durmg the summer months Similar findings have recently been 
repotted by Rahman (1939) Ahmad, Lai and Roy (1938) exposed a few individ- 
uals to sudden changes of atmosphenc conditions by transferring them from open 
air where the temperature varied from 85°F to 96°F and relative humidity between 
65 and 80 per cent to au-conditioned rooms havmg a temperature range of 75°F to 
80°F and hunudity varymg from 51 to 59 per cent The metabohsm was found 
to be higher m the hot humid atmosphere than m the air-conditioned room 


Table n 

Temperature, humtdUy and B M R 


Month 

j Average 

1 temperature, 

( '“F 

1 

1 

Average 1 
humidity, \ 
per cent j 

1 

1 

j B 3L R m calonea 
per sq m per hour 
(average for 16 
women) 

1 

SummtT 

March 

83 3 

86 1 

I 

348 

April 

1 852 

903 

j 33 3 

May 

1 

' 885 

1 

81 3 

{ 

1 315 

1 

AvEaaoE 

1 

1 857 

85 9 

j 332 
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Table ll—concU. 


Month 

Average 

Average 

temperature, 

humidity, 


“F 

per cent 


B M R m calones 
per sq m per hour 
(average for 16 
women) 


Monsoon 


Juno 

86 8 

77 0 

33 2 

July 

82 3 

71 6 

31 1 

August 

82 04 

80 04 

29 6 

September 

83 6 

76 7 

31 4 

Avekaob 

83 7 

76 3 

31 07 

October 

86 0 

62 2 

2D 8 


WtiUer 


November 

83 6 

48 2 

31 7 

December j 

79 5 

60 0 

30 9 

January 

78 1 

68 4 

31 3 

February 

79 3 

69 4 

32 2 

j 

Avekaob 

801 

640 

31 6 


Banerji (1931) on the other hand is of opinion that high atmosphenc tempera- 
ture and humidity are the moat important factors which lower the B M B in the 
Indians According to him the B M B curve follows more closely the atmos- 
pheric humidity curve than the atmosphenc temperature curve We could not 
however trace any such relationship m the Graph The B M B of our ^bjects 
is fairly umform durmg monsoon and winter and there is'only a shght fall m October 
when the temperature reaches its maximum As the temperature, humidity an 
B M B curves do not show any defimtc relationship to one another throug ou 
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reatly adapted 





The monthly iariatio)i 3 of tenvpeTature, humidity and the average B M R 

of 15 female subjects 


IXFLUEHOE OF BLOOD PBESSDBE 

The blood pressure (basal) deternunations made m this laboratory and else- 
where in Tnrlift have given readings lower than those that are considered normal 
for average Westerners and it is necessary to mvestigate the influence if any of low 


Hunudity per cent 
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blood pressure on metabolism The Chmese m general have been found to have a 
low blood pressure and a low metabobc rate A group of 12 men investigated 
by Benedict, Eotb and Smith (1919) showed a low blood pressure and a low meta- 
bolism as a result of underfeedmg The blood pressure and the B M R of 32 
males (divided according to them level of blood pressure mto groups of 10, 17 ard 5) 
and 52 females (divided mto groups of 27, 21 and 4) are given m Table rH It 
will be seen that m the case of males the B M E shows a shght mcrease with nse 
of blood pressure but a parallel increase is not noticeable m the case of females A 
group of female subjects (group I) with low blood pressure shows a higher B M E 
as compared to that of two other groups (groups II and III) that have a higher blood 
pressure 

Cnle and Qmrmg (1939) carried out metabohsm tests m north-eastern Canada 
on SIX male and seven female Chippewa Indians The average metabohc rates 
in the males and females were respectively 18 and 18 5 per cent higher as compared 
with the Mayo Clmic standards established for the Amencan white population, 
although the blood pressure m both sexes was lower than that for the white mdivid- 
uals The above findings tend to show that the basal metabohc rates significantly 
higher than the standard estimates may be associated with a low blood pressure 
and this factor may not bear any relationship to the average low B M E noticed 
in our subjects 


Table III 


Blood pressure, mtal capacity, Pehdxsi and B M R 


! 

i 

1 

j 

Average 
age la 
years 

1 

j 

Number of 
subjects 

1 

( 

1 


Average B M R 
m calones per 
sq m per hour 

I 

j 

Blood pressure, 
systoJjc j 


Males — 

1 

1 1 

! 

1 

1 



r ^ ; 

; 26 

10 

06 6 

33 2 

Group 

“ i 

’ 24/3 

17 

106 

34 6 


L III 

23/10 

3 

118 6 

i 35 2 

1 

Females — 

1 






I 

‘ 21/6 

27 

97 

32 3 

Group 

1 

n 

22/6 

21 

103 7 

31 6 


1 m 

21/11 

4 

116 7 

32 0 
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Vital capacity in belatton to basal metabolism 

People of athletic and muscular build have generally a high vital capacity and 
it IS interesting to mvestigate the relationship, if any, between vital capacity and the 
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^ ? Benedict and Carpenter (1910) made certam comparisons of the basal 

metabolism of four athletes with that of a mimber of non-athletes havme annroxi- 
mately the same body-weight and height All four athletes showed a distmctlv 
lower metabolism than the non- athletes Benedict and Smith (1915) did not 
however, find a characteristic lower metabolism m the athletes and a large propor- 
tion of them did show a considerable increase of metabolism, which could not be 
attributed to the after-effects of muscular activity on the precedmg day as previously 
suggested by Benedict and Cathcart (1913) No opportumty presented itself to 
us for comparing the basal metabohsm of professional athletes and non-athletes 
but among the subjects that we investigated there were some active young men 
who participated regularly in sports The average vital capacities and B M E 
of several groups of our subjects axe given m Table III An exammation of the 
data shows an apparent fall of B M E of both males and females with mcrease 
of vital capacity except m one group of females (group V) m whom an mcrease of 
vital capacity is associated with a rise of B M E These vanations, however, 
are not significant These findmgs are, however, m agreement with those of 
Krishnan and Vareed (1932) who reported that the B M E of a few of then 
subjects that indulged m good exercise were practically the same as or below the 
predicted calculated values for the ages As the B M E shows an apparent 
tendency to fall with athletic training and consequent mcrease of vital capacity, 
the low B M E of our subjects cannot possibly be due to a poor muscular build 
or a general lack of strenuous muscular activity 


Influence op the state of nutbition 

The state of nutrition is supposed to have some influence on metabohsm 
Various somatometric mdices have from tune to tune been formulated to serve 
as a basis for the assessment of the state of nutrition AU these mdices have been 
subjected to much criticism either because they require tramed observers to 
make the necessary measurements or because the mdices m each case require . 
to be carefully interpreted A good deal of mvestigation is required to be 
done before a suitable formula can be devised for assessmg the nutritional state 
In usmg the mdices of nutrition the mdex of the mdividual is compared with 
the average or ideal Accordmg to Pirquet (1922) of Vienna the Pehdisi as 

represented by 3 ^ possible mdex of the state 

of nutrition With the Westerners a Pelidisi of 97 or 98 represents normal nutrition, 
a Pehdisi below 90 represents undernutntion and a value over 100 represents over- 
nutntion and obesity It is difficult to say whether Pehdisi can be taken as a real 
mdex of the state of nutrition, for the mdex is such that a shght error m the measure- 
ment of height greatly affects the results The average Pehdisi and the B hi E 
of several groups of male and female subjects are given m Table III Although 
m the case of the majority of groups of male and female subjects the metabolism 
shows a tendency to vary mversely with the Pehdisi, the association of these two 
could not be statistically proved Talbot (1921) has shown that undernourished 
infants have a metabohsm much above the average for normal children both 
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accordin'^ to weight and surface area Wang and her associates (1925) noted a 
moderate mcrease m the metabolism of undernourished children 4 to 13 years old 
It 13 qmte hhely as has been suggested by Talbot that the mcrease of metabolism 
m the above cases is due to a loss of inactive fat and a relative mcrease of actnm 
protoplasm per umt of body mass Wilson and Roy (1938) have suggested the 
possibihty of imdernutntion and low protein diet bemg the cause of low metabohc 
rate of children mvestigated at Calcutta The foregoing results as well as those 
already published (Niyogi el al , 1940) do not bear out this suggestion Smce 
the majority of the subjects have a Pehdisi above 90 undemutrition cannot be 
the causative factor of low metabolism of Indians 


Influence of muscular relaxation 

It has been stated that the low B M R of the Indians might be due to a 
greater degree of muscular relaxation presumed to exist m people in tropical and 
sub-tropical regions The observations of Necheles (1930, 1932) go to show that an 
average Chmese is more relaxed than an average Westerner In the Chinese the 
B il R shows very httle difference when awake or asleep, whereas m the Westerners 
there is a drop of 10 per cant during sleep Mason and Benedict (1934) consider that 
the above mvestigation earned out by Necheles was not done under ideal conditions 
which are essential m a study of the factor of sleep They found that the degree 
of muscular relaxation dunng sleep m South Indian women was of the same magm- 
tude as m the case of Western women and all mdividuals, regardless of race showed 
a decrease of metabolism to the extent of 10 per cent durmg sleep The low B M R 
of Indians cannot therefore be asenbed to a greater degree of muscular relaxation 
dunng wakmg hours Knshnan and Vareed (Zoc cit ) suggested that the hot 
tropical chmate is partly responsible for the muscular relaxation and lowermg of 
basal metabolism, of the subjects which they mvestigated at Madras The data 
presented m this paper show that the average B M R of our subjects durmg Apnl, 
May and June when the atmosphere is more warm and humid is higher than m 
wmter months when the days are comparatively cooler and dner The results 
recorded at Hyderabad by Rahman (Zoc cit ) also mdicate that the B M R isshghtly 
higher m summer (May and June) than m wmter (November and December) This 
author attnbutes the high metabolism to the effects of sunhght and dryness of 
atmosphere The fact that the B M R of our subjects was higher m summer m 
spite of the atmosphere bemg humid suggests that humidity may not have an 
important rdle m lowermg the metabolism 


Influence op racial characters 

"nie question whether racial pecnlianty is a specific factor m mfluencme the 
metabolism has been very extensively studied Macleod, Crofts and Benedict 
(1925) mvestigated the basal metabolism of Chmese and Japanese women m tS 
Physiolo^cal Laboratones of Mount Holyoke College and Teachers’ College New 
York, and found theu basal metabolism to be distmctly lower than the stfn’dS 
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for American women of like age, weight and height, although the oriental students 
were hvmg under the same conditions of temperature and hurmdity as their 
American College mates, engaged in the same degree of athletic exercise, all partook 
of the same food m essentially the same normal amounts and there was nothmg 
abnormal m their physical configuration and development In an archaeological 
expedition to Chichen Itza, Yucatan, the basal metabolism of white men and women 
and Maya Indians was determmed by Wilhams and Benedict (1928) The place hes 
20 degrees north of the equator, the climate is sub-tropical and the shade temperature 
varies from 80°F to 85°F The Mayas represent the descendants (both mixed with 
Spamsh and relatively unmixed) of one of the primitive Amencan races They are 
short in stature but on the whole they are as muscular as white men The B M E 
of the white members of the expedition did not show any significant variation 
durmg and following a short stay at Yucatan A group of 32 Mayas was found to 
have a metabohsm averagmg 5 2 per cent above the standards for white men and 
there were reasons for beheving that the high metabohsm was due to racial charac- 
teristics rather than to dietetic habits, hvmg conditions or differences m bodily 
configuration Mason (1934) working at Madras on 34 European and 54 Indian 
women found then B M R to be respectively 8 and 17 per cent below the Benedict 
standards The above difference of 9 per cent could only be attributed to factors 
other than chmate Rajagopal’s (1938) mvestigations at Coonoor at an altitude ol 
6,000 feet above the sea-level showed the average basal metabohsm of 26 Indians 
to be 8 per cent below the average for 20 European subjects and this difference was 
beheved to be due to racial factor Our results mdnectly pomt to the racial factor 
bemg the mam cause of the low basal metabohsm of Indian subjects as we found 
that diet, chmate, low blood pressure, undemutrition and other factors which are 
generally beheved to lower the basal metabohsm had no such influence on it 


COKCLUSIONS 

1 A high protem mtake and an mcreased mtrogen ehmmation are not accom- 
pamed by an mcrease of basal metabohsm 

No significant differences were observed m the B M R of strictly vegetarians 
and that of non-vegetanans 

2 The average creatmme coefficient of adult males m Bombay is practically 
the same as that of the Westerners and yet then basal metabohsm is low 

3 Individuals with low creatmme coefficient do not show a low metabohsm 

4 The level of basal metabohsm seems to be uninfluenced by the normal 
variations m blood pressure, vital capacity and Pehdisi 

6 In Bombay the difference of temperature and humichty of the atmospheric 
an is not very great durmg the different seasons and although no marked 
change of metabolism has been noticed durmg the year there appears to be 
shght mcrease of metabohsm m the summer months when the atmosphere is hot 

and humid 
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6 The fact that dietetic, climatic and other factors do not lower the basal 
metabolism is a strong though indirect evidence m favour of the racial characteristic 
bemg the cause of low metabolism m our subjects 
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Intbodtjction 

Aottrabic vacctnes at present m use are, for the most part, crude suspensions 
of bram from slieep or rabbits m the late stages of mfection -with fixed rabies virus 
Tbe vaccme commonly used m India is a 5 per cent suspension of fixed virus sheep- 
bram m carbol-sabne prepared according to the method mtroduced by Semple (1911) 
This and other antirabic vaccmes cont^ a large amount of nerve tissue substance 
which 13 unlikely of itself to have any antigemc value and the mjection of which 
IS aesthetically undesirable and may be harmful Antirabic vaccmes are often 
administered m large doses over r^tively long periods of tune thereby causmg 
considerable mconvemence to the patient by loss of time and by the production of 
irritatmg local (and occasionally general) reactions It would obviously be desir- 
able to prepare a vaccme which would remove some of these disadvantages As 
a first step m this direction, the possibihty of elumnatmg some of the nerve tissue 
present m antirabic vaccme without impairing its antigemc value was mvestigated 

Mateeials and methods 

Preliminary experiments showed that it was possible to ehmmate a considerable 
proportion of nerve tissue from sheep-bram suspensions by precipitation at the 
isoelectric pomt Suspensions of fixed virus sheep-bram were prepared m buffer 
solutions ad]usted to pH 4 4 The most smtablfe buffer for this purpose which has 
^ far been mvestigated was the glycme-acetate-phoaphate system of Northrop 
and de Kruif (1922) 'When tested, the clear supernatant resultmg from precipita- 
tion by this method appeared to contam a high concentration of rabies virus, though 
this was difficult to estimate accurately smce the virus was qmckly rendered non- 
infective to ammals by exposure to greatly lowered pH 

( 303 ) 
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The clear supernatant obtained after precipitation by the method descnbed 
was rendered non-infective by incubation at 37°C for 24 hours at the pH obtamed, 
neutrahzed by titration vnth N/10 sodium carbonate solution, and subjected to 
test for its immuiuzmg properties 

The clear supernatant (clear vaccine) used in the experiments to be descnbed 
was obtained by precipitation of 10 or 20 per cent suspensions of fixed virus sheep- 
bram in bufier solution Estimations of the protein content of various preparations 
showed that the total protein present m the clear supernatant from 20 per cent 
suspensions was approximately equal to that present m whole 6 per cent vaccme 
prepared by Semple’s method (phenol vaccine) The protem content of the 
supernatant from 10 per cent suspensions was approximately half that of ordinary 
5 per cent phenol vaccine An example of actual estimations is given m Table I — 


Table I 

Homogeneous suspension of 
slieep brain 

Total protein content 
of whole ausponaion 
in grammes per 
100 0 0 

Total protem content 
of clear supernatant 
after precipitation 
m grammes per 

100 c c 

6 per cent (phenol vaccme J 

0 437 


10 per cent suspension 

0 956 

0 188 

1 

20 per cent suspension 

1 844 

0 386 


In the experiments to be descnbed the protein content of the clear vaccine 
was adjusted to be equal to, or half, that of 6 per cent phenol vaccme 

The immunizmg properties of clear vaccme were mvestigated m guinea- 
pigs, m parallel with 6 per cent phenol vaccine In some experiments, the 
precipitate remainmg after isoelectric precipitation of 10 or 20 per cent 
suspensions of fixed virus bram was also tested for its immunizmg properties 
For this purpose, the precipitate was re-suspended m the volume of normal 
sahne solution required to produce a total protem content equal to, or half, 
that of 5 per cent phenol vaccme and the resultant suspension was adjusted 

to pH 7 I 

Both street and fioced virus were used for the test inoculum m animal e^enments 
The stram of street virus used was isolated from the bram of a known rabid jac a 
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It was passaged in rabbits and was of iugb virulence In all cases where street virus 
was used, the test dose was administered into the deep neck muscles immediately 
before antirabic treatment was commenced The test dose of fixed virus (Pans stram) 
was adrmmstered subdurally 21 days after the completion of the adopted course of 
antnabic treatment in all cases All ammals used m the experiments were kept 
Under observation for 6 months after the admimstration of the test dose of virus 


EeSULTS op EXPERIUE^TS 

Experiment I — ^Two groups, each of 10 gmnea-pigs, were treated with phenol 
vaccme and clear vaccine respectively A third group of 10 ammals was untreated 
The results are summanzed m Table 11 — 


Table II 


Test dose of street virus 


0 6 0 c of 10 ^r cent 
suspension of street 
vims brain injected 
into deep neck muscles 
immediately pnor to 
commencement of 
treatment 


Treatment 


Dosage and 
route of 
administration 


1 Total protein 
I m grammes 
j per 100 c c 


0 6 c c of 6 per 
cent phenol 
vaccine subou 
taneously for 7 
consecutive 
days 


0 5 o c of clear 
vaccme (10 per 
cent suspen 
Sion) subcutane 
ously for 7 con 
secutive daj a 


Untreated 


04 


to 

p. 


c 3 


Sa 


'O 

■3 


iS S 

.2 

■§1 

s'- 


10 


02 


10 


10 


10 


O " 

3 o 


S s 

S 




o "5 
to o 


18 


26 


24 


* Proved by microscopical examination of brain. 


tb mortality from rabies m all groups was taken to indicate that 
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Expenme?ii II — ^In addition to the repetition of expemnent I using a reduced 
test dose of street virus, this experiment mcluded a group of 10 guinea-pigs treated 
with re-suspended precipitate The results are summarized m Table HI — 


Table HI 



1 

TREATMEtJT 

a 

A 

died 


d 

o 

Test dose of slrett virus 

Dosage and 
route of 
admiQiatration 

Total protem 
in grammes 
per 100 0 c 

Number of gume 
treated 

Number -wbioh 
from rabies * 

o ^ 
Jco 

•ai 

r 

Average mcul 

period in days 

1 

f 

0 5 c c phenol 
vacoine sub 

outaneously for 

7 consecutive 
t days 


04 

1 

i 

! 10 

1 

6 

6 

16 

0 6 0 c 1 of 1 per cent 
suspension of streel 
virus brain mjected 
mto deep neck muscles J 
immediately pnor to I 
the conimoncement of 
treatment 

1 

06 00 clear 
vaccme (10 per 
cent suspen 
Sion) subcutane 
ously for 7 con 
seoutive days 

! 

1 

. 02 

10 

1 

6 

6 

21 

1 

1 

i 

1 

i 

1 

1 

1 

1 

05oo re-8U8 
pended precipi 
tato suboutan 
eously for 7 
consecut ive 
days 

1 

[ ' 

1 

1 

. 04 

1 

10 

1 

i 

7 

1 

3 

17 

j 

Untreated 



20 

19 j 

1 

1 

18 


* Proved by microscopical examination of bram 

The results of this experiment indicate that, with the reduced test dos^ o^y 
5 per cent of the untreated animals survived, while half of the a^als ea e 
with phenol or clear vaccine survived The results obtained with re-suspended 
precipitate were less satisfactory 

Experiment III —In this experunent, two groups, each of 
treated with phenol vaccine and clear vaccme respectively A f jj 

'ai^abwas ^treated The test dose was similar to that used m experiment II 












309 




The total protein content oi the cki: k - 
of the phenol vaccine Tlie results an* i— 


■ibatantiating those observed m 
IS the test dose The iinmun- 
20 per cent suspensions appeared 
"Lcme Some evidence was ob- 
accine might give at least as 
ion Re-suspended precipitate 


TnR.\.TMK\T 


Teat dose of 
ilrtel TITUS 


1 

Dosage and 1 TyUl p, - „ 
route of { m ,raE: - 
ndnunfatrotion , pirl(*ji 


I 


0 6 c 0 of 1 per 
cent anapension 
of streel virus 
brain injected 
into deep neck 
muscles imme 
diotely pnor to 
commencement 
of treatment 


0 6 0 0 phenol 
vaccine snb 
ciitaneonalj 
for 7 congecu 
tive days 

0 5 c 0 clear 
vaccine (20 
per cent bus 
pension) snb 
cutaneously 
for 7 consccu 
live days 




04 


Untreated 


♦ rroved by microscopical ejaci:::„ , 


cscnbed above is apparently 
lenmental animals in large 
to in the tables animals 
luess and indurabon at the 
t ration of phenol vaccine 
'cutive days produced no 
d intravenously or intra- 
this dosage showed no 
tered to human patients 
>ved m two such patients 
other 17 c c intrathecally 

hove, it would appear that 
ir 20 per cent suspensions 
izing value as 6 per cent 
ound to be tbe case when 
If, that of phenol vaccine 
nerve tissue from bram 
izmg properties of which 
vaccme which contains 
lion that the precipitate 


The results of this experiment were similar - 
n except that the mortality from rabies in bo ~ 
was appreciably lower ^ 

For experiments II and III combined, the 
70 untreated animals was 83 per cent, among Cn 
whole phenol vaccme 33 per cent, and among Co 
38 per cent 

ExpmmeM 17 — Gumea-pigs which had recent 
to those described in previoua experiments w«n 
dose of Pans fixed virus which was ndminnhud 

of treatment The results of exp<^^' 


an immumzmg agent 
'•ate 13 equal to that of 

vestigatiou has been 
mt techmque, these 
abies 'Virus ha'vmg 
ccines made from 
ctory as immun- 
observationa of 
its at present 
admimstra- 
lous than 
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consecutive days 
Untreated 
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The results obtained may be regarded as substantiating those observed m 
previous experiments in which street vims was used as the test dose The immun- 
izmg value of the clear vaccme prepared from 10 or 20 per cent suspensions appeared 
to b^e as good as that of 5 per cent whole phenol vaccme Some evidence was ob- 
tained that the intrapentoneal mjection of cleat vaccine might give at least as 
good results as those obtamed by subcutaneous mj ection Ee-suspended precipitate 
appeared to have httle or no immunizmg value 


Discussion op results 

The clear vaccme prepared m the manner described above is apparently 
free from toxicity even when administered to experimental animals in large 
doses In the course of the experiments referred to in the tables animals 
treated with clear vaccme showed none of the redness and induration at the 
site of mjection frequently observed after admimstration of phenol vaccme 
Doses up to 10 c c clear vaccine for 14 consecutive days produced no 
demonstrable toxic manifestations when administered mtravenously or intra- 
pentoneaUy to rabbits, and slieep receiving double this dosage showed no 
toxic efiects Clear vaccme has also been administered to human patients 
sufienng from rabies No untoward effects were observed m two such patients 
one of whom received 12 c c mtravenously and the other 17 c c intrathecally 
and 10 c c mtravenously 

Under the conditions of the experiments descnbed above, it would appear that 
clear vaccme prepared by isoelectnc precipitation of 10 or 20 per cent suspensions 
of fixed vinis bram has approximately the same immunixmg value as 6 per cent 
phenol vaccme prepared by Semple’s method This was found to be the case when 
the total protem content of clear vaccme was equal to, or half, that of phenol vaccme 
It would appear to be possible to ehminate much of the nerve tissue from bram 
suspensions and to obtam a water-clear vaccme the immuniz ing properties of which 
do not appear to be inferior to ordinary 6 per cent phenol vaccine which contains 
all of these substances This is substantiated by the observation that the precipitate 
resultmg after isoelectric precipitation is unsatisfactory as an immuniz ing agent 
even when the total protem content of re-suspended precipitate is equal to that of 
5 per cent whole phenol vaccme 

Since commencmg these studies a report of a similar investigation has been 
published by Behrens et al (1939) Usmg a somewhat different techmque, these 
authors succeeded m producing ‘ water-clear suspensions of rabies virus havmg 
satisfactory antigemc properties ’ They also observed that ‘ vaccmes made from 
precipitates obtamed from punfied rabic emulsions are not satisfactory as immun- 
izing agents’ The work descnbed m this paper confirms the observations of 
Behrens et al {loc cit ) m these respects but uncompleted expenments at present 
m progress have not so far confirmed then statement that ‘ intravenous administra- 
tion of small doses of avnulent punfied vaccmes seem to be more efficacious than 
when mjected subcutaneously ’ 
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SUMMABY 

Clear antirabic vaccine prepared by isoelectric precipitation of 10 or 20 per cent 
suspensions of fixed virus sbeep-brain has approximately the same inimunizmg 
value as 6 per cent phenol vaccme prepared by Semple’s method under the expen- 
mental conditions described The nerve tissue removed by isoelectric precipita- 
tion has relatively httle immunizmg value The clear vaccme prepared by the 
method descnbed is apparently free from toxicity 
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STUDIES ON PEPTIC ULCER IN SOUTH INDIA 

Part III. 

EXPERIMENTAL PRODUCTION OF GASTRO-DUODENAL ULCER 


BY 

Major J R DOGRA, ji d , i m s 
{WorL done under the Indian Research Fund Association) 

{From the King Institute, Guindy, Madras ) 

[Rdoen ed for publication, December 18, 1940 J 

In South India, the only experimental work m connection with the causation 
of peptic ulcer has been that of McCarnson from the Nutritional Laboratories at 
Coonoor In his earher work McCarnson (1912) recorded changes m the duodenum 
and upper mtestmal canal amongst gmnea-pigs fed on ascorbutic diet of crushed 
oats and autoclaved milk Four animals were used m this experiment AU died 
wnthm 46 days of the mitiation of the experiment He concluded ‘ It appears 
then that congestive, haemorrhagic, atrophic and necrotic changes m the bowel 
walls, usually most pronounced m the upper mtestme, are common consequences 
m gumea-pigs on dietanes deficient in accessory food factors ’ This experiment 
was repeated by him In his second experiment McCarnson (1931(i) found ‘ duodenal 
ulceration at all stages of the process up to perforation (m one case) ’ 

At the Seventh Congress of the Far Eastern Association of Tropical Medicme 
held at Calcutta, m 1927, the surgeons m India presented chmcal observations 
based on proved cases of peptic ulcer Bradfield (1927) and Somervell (1927), 
from South India, agreed that the diet of the South Indian played an important 
role m the letiology of the disease It was not certam, however, wEether it was the 
low protem and the high carbohydrate nature of the diet, the excessive quantity 
of nntatmg chilhes and spices or whether it was deficiency of essential accessory 
food factors which was the causal agent 

iIcCamson (19316) subnntted the dietetic factor to the test of experiment 
Starting in 1927, he earned out feeding experrmeuts on albmo rats with a diet similar 
to that m common use by the South Indian One group of 17 ammals was fed on 
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Madrassi or ‘ rice diet ’ consistiiig of rice, duUies, fish and nce-water , and another 
group of 17 on Travancore oi ‘ tapioca diet ’ consisting of tapioca, nee, chilhes, 
tamarind, fish and nce-water The laboratory diet consisting of whole-wheat 
flour cliupatties smeared with fresh butter, bread crusts, sprouted Bengal gram, 
fresh raw cabbages and carrot ad libitum, whole milk, etc was given to the ‘ stock ’ 
which constituted the control group The freedom of the stock from gastric or 
duodenal ulcer was established at post-mortem examination of over 600 animals 
of all ages 

In the ‘ rice diet ’ group 6 of the 17 animals showed lesions of the stomach, 
whereas 8 out of 17 were afiected in the second group fed on ‘ tapioca diet ’ 
McCarrison (1931a) concluded ‘ Both the “ tapioca diet ” eaten by tlie people of 
South Travancore, and the ‘ ‘ rice diet ” which is similar in composition to that 
eaten by many people m the Madras Presidency, are capable of causmg gastric 
ulcer m albino rats The tapioca diet is the worst of the two ’ 

Scrutmy of his protocols, however, showed that in this experiment duodenal 
ulcer never occurred and that duodemtis was seen m only 3 animals out of 34, i e 
m 8 82 per cent In these 3 animals death occurred from acute infection, i e 
enteritis m B 1509 and pneumoma with pleurisy in R 1607 and R 1531 The lesions 
in the stomach consisted of hemorrhages, gastntis and pin-pomt ulcers 

In view of the association of the lesions m the stomach and acute generalized 
infection, m man and experimental animals, the above expeiimental evidence seemed 
hardly sufficient to justify the conclusions drawn by McCarrison Secondly, as 
has been pomted out (Dogra, 1940a) here m South India, the problem is one of 
a chrome and progressive lesion m the first part of the duodenum and not one of 
an ulcer of the stomach Unless lesions reproduced m the animals are similar to 
those encountered m man deductions from such experiments aie not justifiable 
Fmally, the gmnea-pig, albmo rat or the rabbit is not a smtable animal for 
experiments on the gastro-mtestmal tract because of the marked difference in the 
complex biochemical, physiological and neurological influences operatmg normally 
on this system m man as compared with those operatmg on the above-mentioned 
laboratory animals 

It was, therefore, deemed necessary to conduct further studies on the expen- 
mental production of gastro-duodenal ulcer in a more smtable ammal to deternune 
the exact role, if any, of the South Indian diet m the aetiology of this disease 
The work was started m 1938 

Material and method 

The choice of a laboratory animal smtable for experiments on the digestive 
tract fell on the common monkey Macaca radiata As a result of a series of 
radiological investigations of the alimentary tract, after an opaque meal, a close 
resemblance of the physiological reactions of this system m man and the monkey 
was established (Dogra, 19406) Consequently, M ladiata has been exclusively 
used m these experiments 
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The aminals weighed between 3,632 grammes and 2,270 grammes with an 
average weight of 2,951 grammes at the commencement of the experiment They 
were kept m mdindual cages under laboratory conditions m Madras They w ere 
separated mto three groups accordmg to the diet adnimistered 

The diet was m all respects identical mth that m use by the labourmg classes 
m South India The methods of cooking employed were the same Two meals 
a day w ere given at regular times , the mormng meal between the hours of 9 a m 
and 10 a m. and the evenmg meal between 4 p m and 5pm Weight was recorded 
once a week and all the animals were so labelled as not to permit any mistakes m 
the identity of the diet groups Group GA was fed on ‘ rice diet consistmg of 
boded mdled nee of average quabty, vegetable (chiefly brmjal) curry and 
pepper water No green foods or plantains were allowed The nee and curry were 
mixed up along wuth the pepper w ater, and the animals allow ed to take a sufficient 
quantity Group GB was fed on ‘ nee diet the same ns above but, in addition, 
each ammal was given two plantains per day and green foods accordmg to season 
The third group GD was fed on ' tapioca-nce diet ’ consistmg of boded mdled nee of 
average quabty with tapioca curry The skm of the root was removed and the 
pulp cut mto small pieces to make the cuny^ with No green foods or plantains 
were allowed The control group GO was fed on diet consisting of bread, nuts, 
bran, plantains, etc 

At the commencement of the experiment, early m September 1938, there were 
5 animals m each group on the special diets mentioned above Within 2 to 3 
months some ammals died in the groups GD and GA As soon as fresh animals 
were available they were added to these groups, thus making a total of 12 ammals 
m each of the two groups GA and GD Three ammals constituted the control 
group GC and 5 ammals m group GB 


Results 

The animals m the control group GC showed complete absence of any gastro- 
intestinal disorder on laboratory diet Their weight was mamtained The animals 
remamed ahve and well till the close of the experiment At autopsy they showed 
no pathological lesiOn. 

In the group GB, i e ammals fed on curry and nee and green foods, only one 
ammal GB 5 died after 347 days of the commencement of the experiment At 
autopsy, It showed shght signs of emaciation but no pathological changes m the 
stomach or the duodenum The other 4 ammals GB I, 2, 3 and 4 mamtamed 
weight and showed no signs of gastro-mtestinal disorder durmg life or at antopsy 
performed 603 days after the commencement of the experiment 

The animals m groups GA and GD with a total of 12 monkeys m each group 
fed on nee and tapioca diets respectively contmued for 260 days by which tune 
most of the anunals had died All the animals showed marked degree of progres- 
siv e emaciation. A few showed petechial haemorrhage and small cell mfiltrati^ of 
the mneous membrane of the stomach and duodennm but on no occasion was an 
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ulcer produced Orr and Kao (1939) similarly were unable to produce ulcers in 
rats and dogs by deficient feedings 

Conclusions 

From the above experiment it would appear that high spiced ‘ rice-and-curry 
diet ’ supplemented with green foods and plantains administered to monkeys 
{M radiata) over a period of almost 2 years caused no ulcerative lesion m either the 
stomach or the duodenum of the ammals The animals mamtamed weight and 
showed no signs of deficiency ‘ Rice-and-curry ’ and ‘ tapioca ’ diets on the other 
hand when admimstered alone, i e without green foods, resulted in marked 
emaciation and inamtion of the animals causmg death but did not cause any 
ulcerative lesions in the stomach or the duodenum 
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ESTIMATION OF 'IT IE PROXIMATE PRINCIPLES OF 
FOOD IN A FE\Y EDIBLES BY CHEMICiYL 
METHODS 

BY 

K MITllA, 


.VND 


H C JUTTRA 

{From the Nutrition Scheme, Public Health Laboratories, BanUpur ) 

[Received for publication, December 23, 1940 ] 

Intboddction 

The first compreheusive list of food values was published by Ranganafchan 
el al (1937) Subsequently this table with the addition of a few uior^ items has 
been appended m Health Bulletm No 23 (1938) The semor author (Mitra, 1938) 
has also published the food value of 40 common foods of Bihar The Pubhc Health 
Department, Punjab (1939), has published the results of analysis of more than 100 
difierent foods consumed locally Lastly, Saha and Guha (1940) have studied the 
food value of 13 different lands of fish grown in Bengal Yet the hat seems to be 
mcomplete for purposes of reference Those engaged m dietary survey work are 
stfil expenenemg considerable difficulty m calculatmg the value of all the different 
kmda of foodstuffs consumed, m terms of proteins, fats, carbohydrates, mmerals, 
etc The table of food values pertaimng to 380 Chmese edibles, compiled by Read 
et al (1937), has proved useful at tunes 


Methods of analysis 

In the present study the edible portions of each foodstuff have been analysed 
accordmg to the methods suggested by the Official Association of the Agnoultural 
Chemists (1930) Iron, though an essential mmeral element, has not been estimated 
for r^ons cntically exanuned by Ranganathan (1938) Except m rare cases 
(noted m the Table) the foodstuffs have all been obtamed from different parts of 
the provmce of Bihar In every case the local (Hmdi m most cases) nam^ have 
been given along with the English synonyms as far as practicable The Latin 
names have also been appended m the Table 

( 316 ) 



Food values of edible portions in grammes per cent 










Food, values of edible portions in grammes per cent 


3 ‘siuoqdsoq^ 

0 002 

0 003 

0 019 

0 016 

0 013 

0 014 
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0 031 

0 026 

0 042 

0 021 

0 059 

0 027 

3 ‘uinioiBo 

0 on 
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0 014 
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0 010 

0 010 

0 112 

0 019 

0 051 

0 043 
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Discussion 

Gram foods ^Among tlie 13 kinds of gXtiin food analysed sutari grains and 
kusumb seeds were found to be comparatively rich in calcium Sutan is a kind of 
inferior gram grown in tbe district of Santal Parganas Kusumb trees (small skrubs) 
are grown all over tbe provmce Tbe seeds are baked and fried dry and eaten with 
puSed rice after peelmg off tbe skm Parana cbawal from Wardba consisted of 
shelled iice grains with tbe pericarp intact Gbangbra grows abundantly m 
Cbota Nagpur division and tbe Santal Parganas distnct only It is used as a 
staple food Green pods of rabar are consumed by tbe aborigmal children Tbe 
flour from kabach seeds are consumed by aboriginals m Cbota Nagpur when family 
store of grams get exhausted 

Vegetables — Tbe Indian figs, cluster beans and bakla are fairly good sources of 
calcium 

Flesh foods — Tbe samples of dried fish were purchased from Santal Parganas 
Tlie use of this foodstuff is confined to a hnuted area in tbe provmce Higher class 
Hindus usually do not consume it but m villages where aboriginals predominate 
it IS freely partaken by tbe former class All tbe five varieties exammed were 
found to be nob m aU tbe essential dietary prmciples 

Ghongha or snails are consumed by aborigmal or semi-aborigmal tnbes 

Miscellaneous — Tissourie consists of mashed and dned pulp of black grain 
with a thick coating of Imseed AU these smaU cakes are fried m od before serving 
out m plates Postdana or poppy seeds seem to be an extremely rich source of 
rmneral matter, particularly of calcium It is used m curry, condiments and 
danawri (similar to tissoune) The high mineral content of the four samples of 
jaggery is due to addition of slaked bme m varying concentration m the samples 
of fresh jmce to arrest fermentation Tbe heavily bmed jmce is theji thickened 
to make jaggery 

SuiiftiABy 

Thirteen kinds of gram foods, 18 kmds of flesh foods, 27 lands of frmts, 

9 kmds of miscellaneous foods and 13 kmds of vegetables consumed in Bihar have 
been analysed 
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those obtained by a biological method depending on the cuie of black-tongue m dogs, 
but have pointed out two possible sources of error in the former, due to (o) mcomplete 
extraction of mcotimc acid and its derivatives and (6) the possible loss of mcotmic 
acid during the decolorization of extracts 

In^view of these criticisms a further study of the techmque of the test has been 
undertaken 


Experuiental 

The work to be described falls into two parts — 

A The colorimetric procedure and some conditions modifymg it 

B Its apphcation to food extracts prepared by different methods of 
extraction and hydrolysis 

A The colonmetnc ■procedure — Accordmg to the author’s method, the reac- 
tion with cyanogen bromide and aqueous amhne takes place m the cold In certain 
modifications pre limin ary heatmg of the test solution with CNBr is resorted to 
Kodicek (foe cit ) has apphed the test to alcohohe solutions, and has reported that 
p-ammoacetophenone gives a deeper colour than aniline or metol The effect on 
the colour reaction of these different methods of procedure and of the use of different 
aromatic amines — a nilin e, p-ammoacetophenone and jS-naphthylamme, and metol— 
has been studied 

Reagents required — 

(1) Standard nicotinic acid (strong) — One ml = 1 mg , dissolved m N/lOO HCl 
and kept m a fngidaire 

(2) Standard nicotinic acid (dilute) — One ml == 10 /ng Prepared as required by 
dilutmg 0 6 ml of solution (1) to 60 ml with distilled water, after neutrahzmg with 
0 5 ml of N/lOO NaOH 

(3) Standard nicotinic acid (dilute) — One ml =10 [ug Prepared as (2), using 
alcohol instead of distilled water 

(4) Cyanogen bromide solution — Prepared as required by decolorizing freshly 
prepared ice-cold saturated bromine water by the gradual addition of 10 per cent 
potassium or sodium cyamde 

(5) Aromatic amine solutions — 

Aniline solutions (re-distiUed amhne should be used) — 

(а) Aqueous aniline (2 per cent) — One ml of a m hne m 50 ml of water 

(б) Aqueous aniline hydrochloride (10 per cent) — Amhn e 2 5 ml and cone 

HCl 2 5 ml plus water to make up 25 ml 

(c) Aqueous aniline hydrochloride (5 per cent) — Amhne 1 ml and cone HCl 

6 ml plus water to make up 20 ml 

(d) Alcoholic aniline hydrochloride (10 per cent) — ^Anihne 2 5 ml and cone 

HCl 2 5 ml plus alcohol to 25 ml 
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‘p-amiuoacelopheHoiie solutions 

(e) Alcoholic p-aminoacetop/ienone (0 6 per cent) — 0 1 g dissolved m 20 

of alcohol 

(f) Aqueous p aminoacelophenone hydrochloride (6 per ceni) — One g 
^ p-aminoacetoplietioiie and cone HGl 6 ml plus distilled water to 

make up 20 ml 


^-mphthjlamine solutions — 

( 5 ) Alcoholic ^-naphthylauiine (0 25 per cent) — ^-naphthylamine 01 g 
dissolved in 40 ml of alcohol 

Qi) Aqueous ^-naphthylamine hydrochloride (1 4 per cent) — ^-naphthylamme 
0 7 g and cone HCl 1 0 ml made up to 50 ml with water 

(i) Alcoholic ^-nuphthylaniine hydrochloride (1 4 per cent) ^-naphthylamine 

0 7 g and cone HCl I 0 ml made up to 50 ml with alcohol 

(j) Alcoholic ^-naphthylamine hydrochloride (0 8 per cent) — ^^-naphthylamine 

0 4 g and cone HCl 2 4 ml made up to 50 ml with alcohol 

(H) Aqueous nietol (5 per cent) — 2iIetol 2 5 g dissolved in 50 ml of water 

( 6 ) Ninely-six per cent eth yl alcohol —Purified by distiUing successively over cone 
H 0 SO 4 and sodium hydroxide (60 per cent) to be freed of pyridine bases and alde- 
hydes Alcohol punfied in this manner was used throughout these mvestigations 

(7) Sodium hydroxide 10 iV 

( 8 ) Sulphuric acid 10 N 

(9) Sodium acetate 5 per cent aqueous solution, adjusted to pH 7 


Proetdurs 1 DevdopineiU oj colour tn the cold in aqueous solution — Varyicg amounta of standard 
mcotimo acid, 10 fi" to -10^2 were token in four 26 ml graduated flasks Ti^o ml of 6 per cent sodium 
acetate (pH 7) were then added to all the flasks and each solution diluted to 12 ml with distilled water 
Half an ml of 2 per cent aqueous andine solubon (sol 5a) w os then added to each, follow ed by 3 ml 
of cyanogen bromide The contents were well mixed and allowed to stand for one mmute Four 
and a half mk of aqueous amlme (2 per cent) were then added to each, the mixture bemg shaken and 
allowed to stand for one mmute as before The colours were compared m a Lovibond tintometer 
Similar experiments were earned out usmg 0 5 per cent alcohohe p-ammoacetophenone and 0 25 
per cent ^ naphthylamine solutions In performing tests with P napbthylamme, d 5 ml of alcohol 
were adiM at the end of the test, instead of the corresponding amme solution Tho results obtained 
aro shown m Fig 1 of tho Graph 


Procedure 2 Penlopmenl of colour tn aqueous solution after preliminary heating uiith CNBr 

Inci^mg amounts of standard mcotmio acid (10 pg to 40 jtg ) were taken in four stoppered flasks and 
^uted to 10 ml with distilled water The flasks were placed m a water bath mamtamed, at 70°C 
* f ® mmutes Two ml of cyanogen bromido solution were now added to each The contents 

of the flasks were well mixed, by gentle agitation, and allowed to stand at the same temperature for 
pother 4 minutes The flasks were then transferred, to a cold water bath (10°C to 15°C ) for 5 mmutes 
rn 17 amlme hydrochloride (sol 65) were added to each, followed by 1 ml 

th contents of the flasks were well mixed and allowed to stand for 5 mmutes in 

tho dark Kie colours were compared m the tmtomoter Similar expenments were earned out 
iMing 0 4 m of 6 per cent p ammoacetophenone hydrochlonde (sol 6/) and 3 ml of 1 4 ner rent 
p na^thylamme hydrochlonde (sok 6A) instead of amlme, the final volnme m each case beina 
addition of distilled water if necessary Colour was also produced usme 
S the directions of Handier and HaW (loc at ) The results are sWwn m F^ 2 
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Procedure 3 Deidojpment oj colour in alcoholjc solution after prehmtnari/ heating with cyanogin 
6ro?)iirfe — proceclMe was similar to procedure 2 described above, except that the teat waswr 
termed m alcoholic solutions, usmg the dilute alcoholic solution of standard mcotmio acid The 
same amounts of the corresponding alcoholic anilme and j8 naphthylamme hydrochlonde aolutiona 
were used m the test In the case of p ammoacetophenone, the same quantity of the colourless 
aqueous hydrochlonde solution was employed, smee the alcoholic solutions were coloured veUow 
The results are shown m Fig 3 of the Graph 


Graph 



Figs 1 to 3 show the relative mtensity of the colours produced with pure mcotmio acid using 
different aromatic amines, according to procedures 1, 2, and 3 respectively 


Results. 

Comparison of the cotonmetne procedures — ^Figs 1 to 3 stow that ambne gives 
as intense a colour as p-armnoacetoplienone or ^-naphthylamine, using the three 
colorimetric procedures described The maxunum colour with anihne is obtaine 
only when comparatively large amounts are used In fact, m procedures 2 an 
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metol and p-armnoacetopheuone gave less colour than either aniline or ^-naph- 
thylanune But the intensity of the colours can be increased to some extent, 
by increasing the quantity of the amine Maxunum colour is obtained when 
the test 13 performed m alcohohc solutions, usmg the hydrochloride of the 
animes Hence for routme use, procedure 3 is to be preferred to procedures 
1 and 2, smce the colour obtained is 2 to 3 times as great as m the other two 
procedures 

Mechanism of the colour reaction — ^It was found that for the full development 
of colour in the cold aqueous or alcohohc solutions of the free ammes should be 
used When a few drops of the amme solutions are added to the test solution 
contaimng mcotmic acid, followed by CNBr, colour development takes place 
unmediately (procedure 1) If, on the other hand, aqueous or alcohohc solutions of 
the amme hydrochlonde or sulphate are added before or along with CNBr, no 
colour 13 produced m the cold, because the reaction with CNBr does not proceed m 
the presence of strong min eral acids present m the amme hydrochlonde or sulphate 
Brehmmary heatmg of mcotimc acid solutions with CNBr, at 70°C to 75°C for 
5 min utes, completes the rupture of the pyndme rmg If solutions of anune 
hydrochlorides or sulphates are then added couphng of the amme with the 
break-down product takes place immediately, with the development of full colour 
(procedure 3) Addition of free amme also brmgs about the same result but the 
colour obtamed is less mtense 


The apparent differences m the behaviour of different ammes as regards the 
development of colour observed by certam workers, are not due to differences m 
their chemical structure Any aromatic amme or its hydrochlonde may be used 
provided it is colourless and suf&ciently soluble m the solvent, under the conditions 
of the test , the function of the reactive — ^NH 2 — ,OK — ^NH — groups of the aro- 
matic animes is to combme with the reaction product obtamed by the action of 
CNBr on the pyndme rmg 


The results obtamed may be summarized as follows (1) Development of 
full colour m the cold takes place, when CNBr reacts with mcotmic acid (at pH 
7 to 8) m the presence of small quantities of the free aromatic amme (2) The break- 
down of the pyndme rmg with CNBr can be accomplished m 5 mmutes by heatmg 
at 70°C to 75°C and colour produced immediately by the addition of the hydro- 
chlonde or sulphate of the amme (3) The addition of strong mmeral acids in 
appreciable amounts to the test solutions, even m the form of aromatic amine 
hydrochlonde or sulphate, before or along ivith CNBr, completely inhibits the 
reaction between CNBr and mcotmic acid (4) The function of any primary or 
secondary aromatic amme is only to combme with the reaction product formed 
by the action of CNBr on mcotmic acid 


B Application of colorimetric procedure to food extracts prepared hy different 
hydrolysis— IxL the ongmal method of Swammathan 
J mcotmic acid and its denvatives occumng m the test matenals were 
e^cted mth hot water The amide was hydrolysed and estimated as mcotmic 
V on JiiUler etal {loc cit) used a similar procedure for ammal tissues Bandier 
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and Hald {loc cit ) and Bandiex (1939) subjected the whole test matenal to alkaline 
hydrolysis and reported values similar to those of Swanunathan {he (nt)ioT 
ammal tissues and yeast More recently, Kodicek {loc at ) has used different 
methods of extraction and hydrolysis m the preparation of extracts of test 
materials and estimated the mcotmic acid present in such extracts usmg the 
cyanogen bromide p-ammoacetophenone reagent He reported that the values 
obtamed varied with the method of extraction and hydrolysis and that the 
residuum left after water extraction contained some ‘ chromogen which apparently 
behaved like mcotimc acid in giving colour mth the reagents The following 
alternate methods of extraction and hydrolysis have been used m the preparation 
of extracts for colorunetiic estimation — 


{a) Whole imtenal 

1 Extraction during hydrolysis with aqueous NaOH 2 Extraction durmg 
hydrolysis with alcohobc NaOH 3 Extraction during hydrolysis with aqueous 
HoSO^ 4 Extraction durmg hydrolysis with alcohohe HoSO^ 


(6) Aqueous ext) act 

6 Old procedure (acid hydrolysis and decolorization inth charcoal) 6 
Hydrolysis with alcohohe NaOH 7 Hydrolysis with alcohohe H2SO4 


(c) Residuum left after water exli action 

8 Hydrolysis with aqueous NaOH 9 Hydrolysis with alcohohe NaOH 
10 Hydrolysis with aqueous H2SO4 11 Hydrolysis with alcohohe HoSO^ 

Details of the different processes used are given below — 


(») Whole matenal 

Method 1 Extraction during hydrolysis with aqueous NaOH (8 per cent) — A suitable quantity of 
the finely powdered test material, containing 100 pg to 600 pg nicotinic acid (the quantities used are 
indicated m Table I) was suspended m 20 ml oi distdled water in a 200 nd. Erlenmeyer flask Ifive 
ml of 10 N NaOH were added and the mixture well stirred with a glass rod (which is not removed) 
It was then heated for one hour in a steam bath, a glass funnel being used to prevent excessive evajwra 
tion The biologically active derivatives of rucotouo acid, viz the amide and coenzymes I and II, 
are converted by this procedure mto mcotmic acid. The mixture was cooled One hundred and 
fifty ml of aleohol were then added and the contents of the flask were well stirred The precipitate 
was removed by centrifuging and washed once with 60 ml of alcohol The combmed alcolwuo 
extracts were then neutralized to pH 7 by the addition of 10 N HsSO^, and filtered at the pump Ino 
residue m the filter paper was washed once with 20 ml of alcohol The extract was finally made up 
to 260 ml with alcohol Ten ml ahquots were used for colonmetno estimation of mcotimc aci , 
usmg procedure 3 

Method 2 Extraction dunng hydrolysis with atcoholic NaOH (8 per cent) — suitable quantity of 
the test material (1 g to 10 g ) was suspended m 40 ml of alcohol, m an Erlenmeyer ^ 

of 10 N NaOH were then addled, the contents bemg well mixed by gentle rotataon , 

then heated under reflux for one hour on a steam-bath and allowed to cool The rest ot tno p 
was the same as described under method 1 
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Method 3 Extraction during hydrolysis with aqueous USO^ (2 xV) — Tho 
was tmiluT to method 1, except that 6 ml of 10 N U-SO. were used for hydrol>8U, instead of 6 ml 

of 10 N JTaOH 

Method -1 Extraction during hydrolysis with aicoholic — Tho test material WM suspended 

m 40 ml of ethyl alcohol Ten ml of 10 N H,SO, were thou added The mixture was heated under 
reflux for one hour on a steam bath, with occasional shaking The rest of tho procedure was sinulnr 
to method 3 


(6) Hydrolysis oj aqueous e^Aracis oj test materials 

A known quanUty of thS test material (1 g to 10 g ) waa suspended m 100 to JOO ml of disfciDed 
water Tho mixture was heated lu a water bath (76“C to 80°C ) for 20 minutes, being constantly 
stirred It was allowed to cool and the extract separated by contnfugmg Tho residue was extracted 
twice in the same manner, and tho extracts pooled Three such extracts woro prepared from equal 
quantity of the same test material 

Method 5 Old procedure — Sohd lead acetate (1 g to 4 g ) was added to the extract, prepared 
as above, and the procedure deaenhed before was then followed (Swammathan, 1038&) Tho mcotmio 
acid present was estimated by usmg tho colonmetno procedure 1, with anihno 

Method 0 Hydrolysis oJ the aqueous extract with alcoholic NaOH — The aqueous extract prepared 
as described above was concentrated to a small bulk (20 ml ) on a water bath and transfomng to an 
Erlenmeyer flask, by washmg down with 20 mi of alcohol Ten ml of 10 N NaOH were then added 
and the mixture was heated under reflux for one hour on a steam bath Tho rest of the procedure 
was as under method 2 


Method 7 Hydrolysis oJ the aqueous extract lai h alcoholic H^SOt — Tho aqueous extract prepared 
as described above was concentrated to a small bulk (20 ml ) on a water bath and was transferred 
to an Erlenmeyer flask by washmg down with 30 ml of alcohol Ten ml of 10 N HjEO* were then 
added The mixture was then heated under reflux for one hour The rest of the procedure was as 
under method 4 


(c) Residuum lejl ajter water extraction 

Method 8 Hydrolysis with aqueous NaOH — ^Tho residuum left m the centnfnge tubes after 
ai^ueous extraction of the test material was transferred to an Erlenmeyer flask, by washing doivn 
with 40 ml of -water Ten ml of 10 N NaOH were added and the mixture was heated in a steam 
bath for one hour Fifty ml of water were now added Tho mixture was cooled, neutralized to pH 7 
by the addition of 10 N HjSOj, and centnfuged The residue was washed once ivith 60 ml of -water 
The mixed centrifugate was evaporated to above 20 ml on a water bath One hundred and fifty 
ml of alcohol were now added The precipitate was removed by centnfugmg and was washed once 
■with 30 mL of alcohol The combmed alcohoho extract was readjusted to pH 7, filtered and 
made up to 200 ml. with alcohoL Ten mL abquots were used for the colonmetno estimation of any 
mcotimo acid that might be present, using procedure 3 

Method 9 Hydrolysis with alcoholic NaOH — Tho residuum left after water extraction was 
washed down with 40 ml of alcohol mto an Erlenmeyer flask Ten ml of 10 N NaOH were then 
added. The rest of the procedure was sinular to that described under method 2 

Method 10 Hydrolysis with aqueous B^Ot —The procedure followed was exactly similar to 
under method 8, except that 10 ml of 10 N H^O, was used for hydrolysis instead 


J/elM 11 Hydwlyais with alcoholic H^O^ —The residuum left after water extraction was 
^hed down mto an Erlenmeyer flask with 40 ml of alcohol Ten ml of 10 N H.EO. were mhW 
Tno rest of the procedure Tivaa similar to that described under method *4 


< m ^I^t “cotinic acid m the extracts was estimated usmg a Klett colorimeter A 
blank estimation was earned out with each solution m the same manner with 
the exception that distilled water was added instead of cyanogen bromide " TLp 

values obtamed for the ‘ blanks ’ were subtracted from the ‘ total ’ values to not 
the true values 


The i^ults obtamed with ten foodstuffs, usmg the difierent methods of 
tion and hydrolysis and different aromatic amines, are shown in Table I 


extrac- 
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Table 


The mcotimc acid content of ccTlain foodstuffs as determined hy various methods 


( 1 ) 


Foodstuff 

Amount 
used (g ) 

Amine used 

(2) 

( 3 ) 

( 4 ) 




Aiuhne 1 

JIaize, whole, white 

10 0 ■ 


p a nu noacetophenone 

P naphthylamme 1 




*» 2 




Amlme 1 




.. 2 

Maize, whole, white 

10 0 - 


p amxnoacetophenone 

P naphthylamme 1 




„ 2 



( 

Amhiie 1 

Maize, whole, yellow 
(Rumania) 

10 0 


♦ > 

p aminoacetophenone 

P naphthylamme 1 




<> 

ff ^ 



“ 

Aiuhne 1 




2 

Wheat, whole 

10 0 ■ 

. 

p aminoacetophenone 

P naphthylamme 1 
o 




Andme 1 




„ 2 

Rice, raw, nulled 

10 0 ■ 


p anunoacetophenone 




j3 naphthylamme 1 

f» ^ 


Whole matebial 


Aqueous 

NaOH 

^Alcoholic 

NaOH 

Aqueous 



Alcohoho 

( 5 ) 

(6) 

(V) 

(8) 

1 6 

1 7 

1 7 

1 7 

1 6 

1 6 

1 7 

16 

1 8 

1 3 

0 6 

1 1 

1 6 

1 7 

1 7 

1 8 

1 6 

1 6 

1 6 

1 6 

1 3 

1 3 

1 2 

12 

1 3 

1 2 

1 2 

1 1 

1 2 

I 1 

04 

07 

1 3 

1 3 

1 2 

14 

1 2 

1 2 

1 1 

12 

1 4 

1 6 

1 6 

16 

1 3 

1 6 

1 4 

1 3 

1 3 

1 4 

08 

10 

1 4 

1 4 

1 6 

14 

1 3 

1 4 

1 4 

1 3 

4 0 

3 9 

36 

36 

4 0 

40 

3 8 

34 

3 9 

3 5 

1 3 

1 2 

40 

40 

3 6 

34 

3 9 

3 8 

3 7 

3 6 

1 6 

1 6 

1 4 

1 4 

1 6 

1 4 

1 3 

1 3 

1 6 

1 6 

0 9 

0 8 

1 6 

1 6 

1 4 

1 4 

1 4 

1 4 

1 3 

I 4 


Vom7nn 4 — Anume i=z, im 

Amlme 2=0 4 ml of 6 per cent aqueous 

p ammoacetophenone=0 4 ml of 5 pe 
P naphthylamme 1=3 ml of 1 4 per cen 
P naphthylammo 2=3 ml of 0 8 per^c<’n^ 
Golumji 9— Nicotimo acid was estimated using 2 per 


M Swaminatlian 


333 



aiuhne hydrochlonde (sol 5d) 

onilme hydrochlonde (sol 5c) 

cent aqueous acid solution (sol 5g) 

alcohoho acid solution, (sol 5i) 

alcohoho acid solution (sol 6j) 

cent aqueous aniline according to procedure 1 
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Table 






Whole 

MATEBIAL 


Poodstufi 

Amount 
used (g ) 

Amme used 

Aqueous 

Alcohohe 

Aqueous 

Alcoholic 




NaOH 

NaOH 

H 3 S 0 , 


( 2 ) 

(3) 

(4) 

(5) 

( 6 ) 

(7) 

(8) 


r 

Anilme 1 

32 

3 2 

3 1 

30 

Rice, parboiled, 

10 0 

<> 

♦ # 

3 0 

31 

3 0 

20 

milled 


p ammoacetophenone 

2 9 

2 8 

1 9 

1 8 


y3 naphthylamme 1 

3 1 

3 1 

30 

30 


V. 

„ 2 

2 9 

30 

2 9 

20 


r 

Anihne 1 

0 8 

08 

08 

09 

Itaban miUet 


2 

0 7 

0 7 

07 

08 

10 0 - 

p ammoacetophenone 

06 

04 

02 

03 



/5 naphthylamme 1 

08 

07 

07 

08 



0 

fp ^ 

06 

06 

0 6 

06 


' 

Anihne 1 

28 4 

30 3 

29 7 

30 7 



2 

26 4 

27 8 

28 7 

28 7 

Rice polishings, raw 

20 - 

p ammoacetophenone 

20 8 

28 6 

20 0 

240 



8 naphthylamme 1 

28 4 

28 4 

26 8 

30 4 



<> 

»» 

26 4 

26 1 

26 7 

29 2 


r 

Anihne 1 

64 

6 2 

6 0 

01 

R 1 0 e polishings. 

60 

,, 2 

62 

60 

5 8 

67 

(from parboiled 

- 

p ammoacetophenone 

4 8 

4 6 

36 

38 

paddy) 


P naphthylamme 1 

60 

6 2 

60 

0 0 


» 2 

6 8 

5 8 

6 8 

6 7 


r 

Aniline 1 

49 2 

49 2 

49 2 

47 0 

Yeast, brewer’s, 
dried 

1 0 

- 

.. 2 

48 2 

46 0 

46 2 

46 0 

p ammoacetophenone 

36 2 

30 8 

32 0 

248 


p naphthylaimne 1 

9 

ff ** 

48 4 

46 2 

48 4 

444 

48 4 

462 

412 


Column -J^-Amlme 1=2 ml of 10 per cent alcoholic 
Anilme 2=0 4 ml of 6 per cent aqueoiu 
p ammoacetophenone =0 4 ml of 5 per 
^ naphthylarmne 1=3 ml of 1 4 per cent 
P naphthylarmne 2=3 ml of 0 8 per ceii 
Column 9 — Nicotime acid was estimated using 2 per 
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I — eondd 


Aqueous extkact 

Ongmal 

procedure 

Alcoholic 

NnOH 

Alcoholic 

HSOi 

(9) 

(10) 

(U) 

30 

^ 

32 

3 1 


30 

2 9 


20 

14 

1 

3 1 

31 

1 

1 3 0 

2 9 

0 8 

08 

08 


0 7 

08 


0 0 

06 


08 

0 8 


' 0 7 

1 

1 07 

39 6 

1 

} 

' 30 3 

28 3 


26 4 

26 2 


23 7 

21 7 


368 

26 2 


242 

21 7 


Residue left afteii aqueous EVTaAcnov 


Aqueous 

NaOH 

Alcoholic 

NaOH 

Aqueous 

Alcohoho 

(1-!) 

(13) 

(14) 

(16) 

0 

0 

(-0 2) 

0 

0 

0 

0 

(-0 4) 

0 

0 

0 

0 

(-1^1) 

0 

0 

0 

0 

(-12) 

0 

0 

0 

0 

0 

0 

0 

(-0 2) 

1 ® 

' 0 

1 

0 

(-0 3) 

0 

0 

0 

(-0 4) 

0 

0 

0 

(-0 4) 

0 

0 

0 3 

02 

0 3 

03 

03 

(-0 2) 

0 2 

0 3 
(-0 3) 

02 

0 3 
(-0 5) 

0 3 

0 3 
(-2 3) 

02 

03 

02 

03 

0 2 


6 0 63 

58 
42 
60 
5 6 


483 


i 

I 


46 9 
413 
27 4 

47 7 
431 


63 0 

6 7 0 

3 2 (-0 3) 

62 , 0 

5 9 0 


0 

0 

(-0 4) 
0 
0 


0 

0 


(- 13 ) 


0 

0 


48 7 
463 
41 3 
482 
43 1 


I 


0 

0 

(-7 2) 
0 
0 


0 

0 

(-6 9) 
0 
0 


0 

0 

(-7 5) 
0 
0 


0 

0 

(- 18 ) 

0 

0 


0 

0 


(-7 2) 


0 

0 


aniline hydrochlonde (sol 5d) 

aniline hydiochlonde (sol 5c) 

cent aqueous acid solution (sol 5g) 

alcoholic acid solution (sol oi) 

alcoholic acid solution (sol 5j) 

cent aqueous aniline according to procedure 1 
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Results. 

(а) Maize — Th.e association between maize and pellagra has long been 
recognized The diet used' by Waisman et al {loc cit ) to produce experunental 
black-tongue in dogs, which la said to be analogous to human pellagra, contained 
71 per cent of whole yellow maize meal It is natural to assume that maize is 
devoid of mcotmic acid or contains this factor in very small quantities Aykroyd 
and Swaimnathan {loc cut ) showed, however, that the mcotmic acid content of 
whole maize, which ranged from 1 2 mg to 1 6 mg per cent, was not lower than 
that of certam other cereals The results obtained with the varying procedures 
followed in the present investigation confirm these findmgs The mcotmic acid 
content of three maize samples, usmg amhne and ]9-naphthylamme as the aromatic 
amines, ranged from 1 2 mg and 1 6 mg per cent Different methods of 
extraction and hydrolysis yielded almost similar results when amhne and 
j3-naphthylamine were used, but with p-armnoacetophenone the values obtained 
varied widely Low values of 0 4 mg to 0 9 mg per cent were obtamed when 
acid hydrolysis of the whole material and alkahne and acid hydrolysis of the 
aqueous extract were resorted to Alkahne hydrolysis of the whole material gave 
higher values (1 2 to 1 7) The lower values obtamed with p-ammoacetophenone 
with certain types of hydrolysis were due to the fact that the blank values were 
correspondmgly higher 

The residuum left after water extraction was subjected to different methods of 
hydrolysis and its mcotmic acid content estimated usmg three different armnes 
T^en anibne or j7-naphthylamme were used, not even a trace of mcotmic acid 
could be found On the other hand, with p-ammoacetophenone the blank gave a 
deeper colour than the test, producing the mmus values reported in Table I These 
results are not in agreement with those of Kodicek (loc at ), who reported that the 
residuum left after water extraction contamed some ‘ qhromogen ’ which behaved 
like mcotmic acid with the reagent and that the hydrolysis of the whole material 
with aqueous or alcohohc NaOH resulted in high values rangmg up to 4 6 mg per 
cent m certam samples 

(б) WJiole ivJieat — In a previous mvestigation (Aykroyd and Swaminathan, 
loc at ) a value of about 6 mg per cent was obtamed for whole wheat A shghtly 
lower value (4 0 mg ) was obtained m this investigation for a different sample of 
whole wheat Different methods of extraction and hydrolysis had no appreciable 
eSect on the mcotmic acid value when amhne and p-naphthylamine were employ'ed 
On the other hand, varying results were obtamed with p-aimnoacetophenone, for the 
same reason as m the case of maize The residuum left after water extraction was 
subjected to various methods of hydrolysis and tested Traces of mcotmic acid 
(0 2 mg to 0 4 mg per cent) were foimd when amhne and P-naphthylamme 
were used With p-aminoacetophenone the alkah-hydrolysed extracts gave small 
positive values, while the acid-hydrolysed extracts gave mmus values 

(c) Rice — Aykroyd and Swammathan {loc at ) found that parboiled nulled 
rice contains 2 to 3 times the mcotmic acid present m raw nee milled to the same 
degree The figures reported in the present paper for one sample of raw and par- 
boded nuUed nee respectively (1 6 mg and 3 0 mg ) correspond weU with those 



M SwmiwiatJian 


337 


reported before Tbe results obtained on subjecting tbe samples to various methods 
of extraction and hydrolysis were similar when anilme and P-naphthylaimne were 
used, but as before varying values were obtained with p-amiuoacetophenone The 
residuum did not give a positive teat whatever methods were employed 

(d) Mice polishings — The difference between raw and parboiled nulled rice in 
mcotunc acid content is reflected m the values given by bran from raw and par- 
boiled nee respectively Eaw nee bran was found to be 5 times richer than parboiled 
nee bran Similar results have been reported in the case of vitannn (Aykroyd, 
Kjnshnan, Passmore and Sundararajan, 1940) The results of testmg bran samples 
by vanous methods were similar to those obtamed with cereal grains 

(e) Italian millet — ^The very low value (0 6 mg to 0 8 mg per cent) obtamed 
by the cyanogen bromide method m the case of Itahan millet is interestmg No 
other whole cereal gram has given such a low value Itahan uuUet is consumed 
m considerable quantities m certam parts of South India, but there is no evidence 
that pellagra is common m these areas The vanous testmg methods gave smular 
values 

(f) Dried breiier's yeast — Swanunathan (1938Zi) reported a value of 67 mg to 
60 mg per cent for the mcotimc acid content of a sample of dned brewer’s yeast 
Figures of the same order have been obtained m later investigations In the present 
mvestigation the values obtamed with anilme and ^-naphthylamme were nearly 
the same, irrespective of the method of extraction used, but with p-armnoaceto- 
phenone the usual variation resulted 

(p) Mill —A value of 10 mg per cent was previously reported by the author 
for skinimed milk powder (Swanunathan, 1938n) Recently, Waisman el al [he cit ), 
usmg a biological method, obtamed a figure of 4 mg to 5 mg per cent for skimmed 
milk powder Kodicek (loc cit ) found values of 0 1 mg to 0 5 rag per cent for 
hqmd cow’s milk and values lower than one ^g per ml , for samples of human 
milk The values given m Table II are m agreement mth those of Kodicek and m 
contradiction to the value previously reported by the author The higher value 
reported previously appears to be the result of an error m calculation 


Table II 

The mcotimc acid content of mill and milk powder 


Milk sample 

Nicotimo acid 

1 /lOOg (bv 

j acid hydrolysis) 

Skimmed milk powder 

1 ^ ° 

* Klim * (whole milk powder) 

1 1 

Cow’s mjlk, 

01 
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{h) TJnne ^It was found that colonmetric estimations on urme could not be 
carried out in alcoholic solutions, owing to the development of strong red colours 
which mask the yellow colour given by mcotimc acid These mterfermg colours are 
probably produced by the action of aromatic amme hydrochlorides on certam types 
of orgamc compoimds (aldehyde or ketomc in nature) present m urine, e g furfurol, 
acetaldehyde an'd acryhc aldehyde, etc (Snell and Snell, 1937) Such side 
reactions do not occur when estimations are made m aqueous solution, using aqueous 
anilme (Swammathan, 1939) Throughout the previous mvestigation it was found 
that the ‘ dilution blank ’ was the same as the ‘ a nilin e blank ’ Evidently, apph- 
cation to urme of other procedures described m this paper will lead to difBculties 
The author’s method (Swammathan, 1939) has been successfully apphed to 
urme 

{i) Starch and casein — The results obtained with foodstuffs usmg p-amino- 
acetophenone showed that certam substances are produced durmg the process of 
hydrolysis which give a high blank To investigate this point further, similar tests 
were earned out with starch and casern It was found that the products ohtamed 
by the hydrolysis of starch mterfere in the estimation when p-ammoacetophenone 
IS used Since no such interference occurs with amhne and jS-naphthylamme, under 
the conditions described, it appears likely that the acetophenone group in p-anuno- 
acetophenone takes part in side reactions m the absence of CNBr 

I 

Discussion, 

Specificity of the colour reaction — ^The colour reaction is not specific for mcotimc 
acid, many other pyndine denvatives which have the a-position free give the 
reaction Eortunately, however, two pyridme denvatives widely distnbuted in 
biological matenals, vitaram Bo and trigonelhn, do not react Most of the other 
pyndme compounds givmg the colour test can if present be separated from mcotimc 
acid Nicotmamide and coenzymes I and II if present can be hydrolysed 
to mcotimc acid Bandier (Zoc cit ) states that picohmc acid, a biologically 
inactive isomer of mcotimc acid, does not give the reaction with cyanogen bromide 
and metol and probably this will apply when amhne is used The other isomer, 
isomcotinic acid, which is biologically inactive, has not yet been recogmzed 
in biological materials It thus appears highly unlikely that substances other 
than mcotmic acid m biological substances interfere with the specificity of 
the test 

Ghmjce of the aromatic amine — Amlme has several advantages over other ammes 
It IS cheap, almost colourless when freshly distilled and highly soluble m the solvents 
under the experimental conditions Further, imhke p-ammoacetophenone, it does 
not lead to any side reactions in the blaqk It gives as good a colour as the other 
aromatic amines tested Possibly any prunary or secondary aromatic amme 
could be used m the test, provided it is colourless and sufficiently soluble under 

the conditions of the test 

The colour obtamed with any amine vanes with the conditions of the colori- 
metric procedure Hence the claim that p-ammoacetophenone gives a deepe 



M SwaminaiJian 


339 


colour than other amines was found to be invahd when a standard colorimetnc 
procedure was followed in the case of each amine 

Side reaction of the aromatic amine — ^According to Melmck and Field (19406) 
anilme, when added to the blank, produces an unspecific colour in the absence of 
CNBr, so that a lower value for nicotimc acid content was obtamed Hence these 
authors advocate the use of a * dilution blank instead of the anihne blank 
They have further shown that such difficulties are encountered with unne which has 
been subjected to acid hydrolysis for half an hour and not with specimens subjected 
to hydrolysis for 5 hours The author has not had a similar expenence When 
colorimetric estimations were made in aqueous solutions the ‘ anihne blank ’ was 
always found to be the same as the ‘ dilution blank ’ When estimations are made 
on alcohohc solutions the ‘ aniline blanks ’ may give higher values than ‘ dilution 
blanks but m such coses there is a corresponding increase m the colour of the test 
solutions so that the final values obtained ate not appreciably affected Phenomena 
similar to those reported by ifehuck and Field have been observed when 
p-ammoacetophenone was used and are probably due to the reaction of aldehydic 
products of sugars with the acetophenone group The reaction may be represented 
as follows — 



Such reactions take place with great ease m acid alcohol solutions 

The reactions occurrmg m urme when alcohohc solutions ate used can be 
represented by the following equation — 

R CHO + r' NHg — R CH = N r' 

Extraction and hydrolysis of nicotimc acid derivatives from the test materials — 
The extraction and hydrolysis of test matenals in alcohohc solutions may thus 
produce substances which occasionally mterfere when estimations are made in 
alcohohc solution, usmg the annne hydrochloride Further, hydrolysis of the whole 
material can be resorted to only in the case of test matenals which ate almost colour- 
less or have a hght yellow colour , but m the case of highly coloured test materials, 
e g certain pulses and vegetables, mcotimc acid and its denvatives should be ex- 
tracted with water, after which the colourmg matter, protem denvatives and starch 
are removed from the aqueous solution by lead acetate In general, the results 
recorded m the present paper support the view that the methods of extraction and 
hydrolysis previously descnbed by the author give the most satisfactory results 


SoiQIABY. 

1 Further studies on the cyanogen bromide method of estimatmg mcotimc 
acid in biological matenals have been made Special attention bas been given to 
two problems (a) the choice of the aromatic amme and (6) the influence of^anous 
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methods of extraction and hydrolysis on the value obtained for nicotinic acid 
content 

2 Three difierent procedures are described for the development of colour 
with mcotinic acid using cyanogen bromide and an aromatic amine DiSerent 
aromatic amines, viz anihne, p-aminoacetophenone, ^-naphthylamme and metol, 
have been used in the above three processes It has been shown that anihne has 
many advantages over other amines, bemg cheap, highly soluble m the solvents under 
the expenmental conditions, and at the same tune givmg colours as mtense, or more 
intense, than those given by other aromatic amines 

3 The influence of different methods of extraction and hydrolysis was mvesti- 
gated Whatever the method, the values obtamed with ten foodstuffs were similar 
when anihne or jS-naphthylanune was used Lower values were usually obtamed 
when p-aminoacetophenone was employed The acetophenone group was probably 
responsible for the side reaction Estimations of mcotmic acid could not be carried 
out on alcohohc extracts of unne owing to the development of red colours from the 
mterfenng substances present 
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In a previous conimuiucation from this laboratory (Kochhat, ISIl) it was 
recorded that (a) most of the mcotimc acid in blood was present in the red cells 
and (6) there was little fluctuation m the blood nicotinic acid values m health and 
disease Swammathan (1939) showed that the administration of mcotimc acid 
to normal subjects resulted m an excretion of about 12 per cent of the amount 
ingested. Harris and Kaymond (1939) recorded still less excretion of mcotimc 
acid m urme Thus, most of the mgesfced mcotimc acid is either retained m the 
body or excreted m the form of tngonellin, which is not estimated by the method 
After the mgestioii of mcotimc acid its mcreased concentration in tissues m the 
forms of co-enzyme, V-factor, etc has been observed by vanous workers (Kohn, 
1938 , Kohn, Klem and Dann, 1939 , Yilter, Ydter and Spies, 1939 , Ko^ and 
Klein, 1939) 

It IS concluded that the rise, if any, in the mcotimc acid content of blood after 
a test dose will be only temporary, excess of the retamed mcotimc acid bemg 
ehnunated from the blood to bring down the blood level to normah The present 
investigation was undertaken to find out the changes m the blood after the 
administration of a ‘ test dose ’ of mcotimc acid and whether continuous mtake 
produces any ‘ saturation ’ in the blood Observations m regard to mcotimc acid 
ehmmation by the kidney and its variation after givmg ‘ test doses ’ were also made 
on healthy mdividuals belongmg to the wheat-eating population of the Punjab 


Method. 

2 Blood — The details of the method for the estunation of mcotimc acid 
content of blood have been described m the author’s previous commumcation 
(Kochhar, 1940) 


{ 341 ) 
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2 fTjwie— The reagents and the method used for the estimation of 
mcotimc acid in urine are those descnbed by Swammathan (1939) The 
method was modified shghtly for routine chmcal purpose In brief it was 
as follows — 

To 10 ml of urine in a 20-ml narrow-bore test-tube were added 2 ml of 
40 per cent NaOH A number of such tubes was taken in a beaker 
contaimng water and kept in a boihng water-bath for 3 hours The 
mixture after cooling was neutralized by cone HCl, filtered and the 
residue washed twice with 1 ml of water The mixed filtrate was 
made alkahne with 2 drops of 40 per cent NaOH solution and 
boiled for 15 minutes with 0 5 g of absorbent charcoal It was 
filtered hot and the charcoal washed thnee with 2-ml portions of 
boihng alkahne water The mixed filtrate was brought to pH 7, 
made up to a volume and filtered An ahquot was transferred to 
a 25-ml flask contaimng 2 ml alcohol and made up to 12 ml To it 
were added 8 ml KCNBr from a burette followed after 3 mmutes 
by amhne solution and the colour developed was matched with a 
standard prepared with a known amount of mcotimc acid usmg 
alcohol, KCNBr and amhne solution A blank was made m samples 
which were coloured 

3 Food — The method used for the estimation of mcotimc acid m food was 
a modification of that descnbed by Swarmnathan (1938) The conditions for the 
modified method have been worked out and are given below — 

One-fourth of a full meal was transferred to a large mortar and thoroughly 
ground until a homogeneous paste resulted In a tared beaker 20 g 
were taken, covered with lead fod, autoclaved at 110°C for 1 hour to 
break the cells of uncooked articles and weighed The content was 
again triturated to a homogeneous paste in a mortar and 6 g of 
homogenized paste from the digest were introduced into a 60-ml 
measuring flask contaimng water This was placed m a boihng water- 
bath for ^ hour, shaken at mtervals, cooled, made up to 50 ml , mixed 
and filtered In a long test-tube with a mark at 25 ml were taken 
20 ml of the filtrate to which 4 8 ml of 0 9 per cent ZnSOj^ and 0 2 ml 
N/1 NaOH were added, boiled for 5 minutes, cooled, made to the 
mark and filtered To 20 ml of this filtrate 2 ml cone HCl were 
added , the mixture was boiled for 30 minutes, cooled, neutralized, 
made up to 26-ml volume and filtered To 20 ml of the filtrate 
2 drops of NaOH and 1 g of absorbent charcoal were added, after 
which the mixture was boded for 15 mmutes, cooled and 
The residue was washed thrice wuth bodmg alkahne water 0 
mixed filtrate was brought to pH 7 (bromothymol blue), ma e o 
a known volume, and the ahquots exammed colorimetncally as m 
blood or in urme 

Note — Charcoal treatment was avoided in samples which were colourless 
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Results, 

1 Blood —The results given m Table I show normal value for the mcotmic 
acid content of blood and its day-to-day variation depending upon the intake of 
mcotimc acid In response to a daily oral dose of 200 mg there was a shght gradual 
mcrease in the blood mcotimc acid which soon reached its ma x i mum in normal 
persons and was not altered if the administration of mcotimc acid was continued 


Table I 


Changes in the mcotimc acid content of blood and in urinary output after a continuous 

intake of ‘ test doses ’ 


Subjects 1 

KoBilAU 1 


— 

After 

discontmmng 
mcotimo acid 
intake 

i 

ilarch 19-10 1 

21 

26 

27 

28 

1 ! 

[ 29 

1 

30 

X 


■ Blood 1 

•tio 

435 

440* 1 

460t 

490t 

600t 

(ig per cent 

1 



^ Urine ' 


70 

400 

26 2 

1 

237 

24 2 

mg m 24 hours 


2 

y s . 

'Blood 

. 284 

300 ' 

1 

400* 

440t 

400t 


ns per cent 




^ Unne 


10 8 1 

28 9 

i 



mg m 24 hours 


3 

D J 

' Blood 

320 

320 

344 

420 

j 468 

450t 

ns per cent 




[ TJrme 1 


54 

28 7 

24 7 

, 17 7 

141 

mg m 24 hours 


i 

B R J 

Blood 1 

300 

320 

390 

400 1 

I 420t 


Mg per cent 



1 

. Urme 


45 

U9 

j 

9-0 1 

1 

27 8 


mg m 24 hours 



1 

f Blood 

208 

290 

320 ! 

380§ 


470 

1 Mg per cent (conti- 


S 

Kh. -1 

! 




i 

1 420 


nu^m Table Et) 




t Unne 

1 

1 

48 

115 

15 5 

1 161 

20 5 

mg m 24 hours 


6 

R L 

Blood 1 

300 

270 

1 

320 

360 

400t 

420t 

Mg per cent 




. Urme 

1 

1 

1 30 

21 9 

117 

84 

13 8 

mg in 24 hours 


7 

B D 


310 

260 

416 

640t 



Mg per cent 

400 on 4th Apnl 

8 

Du 


1 

240 

350t 

i 

1 

1 

1 


ns per cent 



* 300 mg of nicotimo acid. 

1 100 mg of mcotimc acid 
AoJc.— Due to undesiiaWe symptoms the doses of 


t Intake of mcotmio acid was stopped 
§ 150 mg of mcotmio acid 
mcotmio acid had to be reduced m some cases 
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further for a few days The intake of 3,000 mg of mcotmic acid over a period 
of 16 days by one normal subject on a wheat diet left this maximum unaffected 
(Table 11). The basal level of the mcotimc acid content of blood appears to be a 
fair measure of the time during which the maximum is reached On discontmuing 
the mcotmic acid intake the mcotimc acid content of blood returned to normal 
level 


Table II 

Effects of further admimstraiion of mcotimc acid to subject 

No 5, Table I 


Dates in 1940 

Nicotinic 
acid intake, 
mg 

Nicotinic* 
acid m blood 
after 24 hours, 
Hg per cent 

Nicotinic acid 
excretion in 
unne m 

24 hours, 
mg 

March 21 to 30 . 

jSee Table I, 

subject No 6 


„ 31 

200 


27 0 (let 3 hours) 

Apnl 1 and 2 

200 daily 


• 

i> 3 

200 


29 0 

.. 4 

200 

600 


» 5 

200 


23 3 (Ist 3 hours) 

If ^ 

200 

600 

27 4 

„ 7 and 8 

200 daily 


• 

» 9 

200 

460 

20 0 

» 10 

Nil 


9 7 

11 

Nil 

360 

6*8 


* Nicotmio acid was given after taking out blood for analysis 


In Tables III and IV it is shown that most of the mcotimc acid^ aft^^its 
ingestion is excreted in the first 2 hours, and a correspondmg nse or ‘peak in 
the blood content is observed. The subjects under observation were aU apparently 
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healthy individuals but the immediate response to a ‘ test doie ’ as measmed by 
the changes m blood and urmory excretion seems to be proportioual to the basal 
blood content or urine output 


Table in 

The immediate effect of a ‘ test dose' of nicotinic acid on blood nicotinic 

acid content 


XlCOTCnC ACID CONTEST OF BLOOD AFTEB 


Subjects 

Aicotmic 

acid 

mtake, 

mg 

0 mmute, 
AS per 
cent 

1 

16 mmutes, 
MS per 
cent 

30 mmutea, 
MB per 
cent 

60 minutes, 
MS per 
cent 

DO minutes, 
MS per 
cent 

120 mmutes, 
MS per 
cent 

— 

1 

300 

1 420 


960 

640 

660 

540 

2 

300 

368 

1 

872 

1,238 

756 

408 

448 

3 

300 

j 280 

272 

620 

480 

380 

360 



1 0 boor 



1 hour 

6 hours 

24 hours 

4 

300 

1 435 



790 

600 

440 

5 

300 

1 300 



515 

400 

400 

6 

200 

1 320 



540 

608 

344 

7 

200 

320 



480 

390 

390 

3 

1 200 

, 290 



600 

360 

320 

9 

200 

270 



464 

300 

320 

10 

200 

i 288 



470 


416 

11 

200 

j 240 



400 


350 


Notes — Meals taken by subject No 2 was 26 hour* before the start of experiment 


2 Unne — There was a sharp mcrease m the output of mcotinic acid m unne 
after oral administration of 200 mg of mcotimc acid (Table I) The mcrease of 
output was proportionately high in subjects with a high imtial excretion Unless 
mcotimc acid deficient subjects are te^d in a similar manner, it is difficult to 
arrive at any conclusion Swammathan (1939) has shown that it is possible to 
detect mcotmic acid deficiency m human bemgs by the study of the mitial excretion 
and excretion after ' test doses ’ The variation m Table I was too smal] to form 
the basis of any defimte conclusion It may be that none of the subjects under 
observation were taking insufficient mcotmic acid m the diet When the mtake 

mcotimc acid) was contmued the output became almost constant 
(iaoles I and 11) 




* XJnno not voided 

N oie — 1 Subject numbora correspond to tbe numbers in Table ill 

2 consumed by subject Noa 2 and 13 were taken 28 and 17 hours respectively before the start of experiment, whereas the last meal taken 

by other subjects was about 11 and 2 hours before the experiment 
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An attempt to show quantitatively the relationship between mcotinic acid 
intake and its hourly excretion m unne is made m Table IV The excretion of 
mcotimc acid in urine during the first 3 hours was about 71 per cent of the 
total urme excretion m 24 hours Maximum amount excreted was durmg 
the second half of the first hour and the first half of the second hour, 
bemg 44 9 per cent and 31 per cent respectively of the total excretion m the 
first 3 hours This increased excretion corresponded to the peak observed m 
the blood 

Table V shows the 3-hourly excretion of mcotimc acid in two individuals 
on a normal diet as well as fasting The mcotimc acid content of food was 
determined experimentally 


Table V 






NiooTnno acid output 

Subjects 


April 

1940 

Nicotmio acid 
mtake 

6am 

to 

9am 

3 hours, 
mg 

9am 

to 

12 noon 

3 hours, 
mg 

12 noon 
to 

3pm 

3 hours, 
mg 

3pm 

to 

6pm 

3 hours, 
mg 

6pm 

to 

6am 

12 hours, 
mg 

Total 

2i hours, 
mg 



6 

Meals at 8 a m 
and 7 pm 
(containing 62 
mg ) 

0 71 

0 73 

0 69 

0 61 

1 1 
1 1 
1 

3 1 

684 

1 . 


6 

Fast 

0 64 

0 49 

0 61 

0 46 

1 97 

3 96 



7 

Two meals (con 
taming 37 mg ) 


/ 



1 




8 

1 

1 

Meal at 12 noon 
(contauung 19 
mg ) 


0 62 

0 68 




2 


11 

1 

Last meal at 7 
pm on ApnJ 
10 


0 68 

0 66 



» 


Discussion 

The mgestion of mcotimc acid causes an immediate mcrease m the nicotinic 
acid content of blood This increase is temporary and explains for the previo 
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observation (Kochhar, 1940) that tbe nicotimc acid content of blood changes very 
bttle in health and disease 

After a ‘ test dose ’ of nicotinic acid the proportional increase in the output 
of nicotinic acid in unne was high in subjects with a high level of initial excretion 
The venation in the normal cases examined was too small to enable even a 
tentative conclusion to the state of nutrition being formed This agrees with the 
conclusion of Swammathan (1939), Bandier (1939) and Harris and Raymond 
(Zoc cit ) on the excretion of mcotrmc acid m unne before and after ‘ lest doses ’ 
and of Hams and Ray (1936), Hams and Leong (1936), Hams, Leong and 
TJngley (1938) m the case of vitamins B and C The organism’s capacity to store 
mcotmic acid seems to be limited In urine only a small percentage of the 
mgested mcotmic acid is excreted m 24 hours , the blood figure also falls in 
about 2 hours This suggests that mcotmic acid after its absorption is removed 
from the blood Nicotimc acid is a constituent of the red cells (Kochhar, 1941) 
but whether at the peal time the mcotmic acid excess m blood is present m 
plasma or m the red cells is yet to be determmed 


Summary 

1 Oral administration of mcotmic acid produced a sudden temporary nse 
m the blood content of mcotmic acid. The peak was observed m 30 mmutes 
tune 

2 Continuous mtake of mcotmic acid resulted m a shght gradual mcrease 
m blood content which soon reached its maximum The mtake of 3,000 mg of 
mcotmic acid over a penod of 16 days left this maximum unaffected 

3 Correspondmg to the nse of mcotmic acid content of blood there was a 
sharp mcrease m the urmary output of mcotmic acid and a peak was reached m the 
first hour 

4 In fastmg subject the mcotmic acid excretion m urme was lowered, but 
the response to a ‘ test dose ’ was enhanced 
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The association between vitamin A deficiency and mgbt-blindness has long 
been recognized Visual purple, a pboto-sensitive pigment m tbe retma of the eye, 

IS concerned m tbe adaptation of tbe normal eye to dim bgbt Tbe relation between 
vitamm A and tbe regeneration of visual purple was demonstrated by the experi- 
ments of Fndencia and Hobn (1925) and Tansley (1931) Tbe recent researches 
of "Wald (1933, 1934, 1935, 1936) make it clear that tbe pigment is a conjugated 
protem with vitamm A, and the latter is a precursor of visual purple It has been 
shown by Wald (Zoc at ) that bgbt converts visual purple m tbe isolated retma to 
visual yellow which m turn is partly re-converted to visual purple and m part decom- 
posed to some colourless products In tbe Uvmg animal, visual purple is re-synthe- 
sized and decomposed repeatedly durmg bgbt adaptation. It would appear that a 
large amount of vitamm A is normally present m tbe pigment epitbehum of tbe 
retma and is essential for tbe regeneration of visual purple Recent work on tbe 
part of Gramt, ilunsterbjelm and Zewi (1939) suggests tbe physiological reactions 
underlymg dark adaptation are less simple than Wald’s findings suggest 

In an mdividual subsistmg on a vitamm A deficient diet, tbe amount of vita- 
mm A reacbmg tbe retma may be insufficient for its sensitization for vision in fbm 
bgbt through the medium of visual purple Such an mdividual may be expected 
to show a slower rate of adaptation than a normal subject This idea has been 
made tbe basis of tests for assessmg degrees of vita min A deficiency by tbe study of 
dark adaptation 

Rew workers m this field have bad tbe opportumty of studymg tbe dark-adap- 
tation curves of cases of cbmcal mgbt-bbndness before and after administration of 
\-itamm A By cbmcal mgbt-bbndness or hemeralopia is meant a condition m which 
lusion in dun bgbt is so impaired as to cause senous mconvemence and impel the 
patient to apply for medical treatment In the present mvestigation 10 such cases 

( 351 ) 
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have been studied and for purposes of comparison the dark-adaptation curves of 20 
normal individuals have been determined The study of outspoken cases throws 
hght on the relation between vitamin A and the course of adaptation and on the 
validity of dark-adaptation testa in the detection of vitanun A deficiency 

A number of instruments are in use for carrying out dark-adaptation tests, 
and they are based on the folloinng principle Under certain standard conditions 
the photo-sensitive pigment is first bleached by exposure to a powerful source of 
light and the regeneration of visual purple in the dark is tested by judging the mdivi- 
dual’s abihty to discern a faintly illuminated test object Within recent years a 
great deal of work has been carried out on the test and conflicting resulte have 
been reported The recent papers of Thomson et al (1939) and Hams and Abbasy 
(1939) provide excellent reviews of the extensive hterature on this subject 

Apparatus used — An ‘ adaptometer ’ of the Birch-Hirschfeld type, constructed 
in the Laboratory, was used A sectional diagram is shown m the Text-figure The 
apparatus is enclosed in a blackened metal casmg 6 is a nucroscope lamp of 3 45 
c p (deterrmned with a Lummer-Brodhun photometer) workmg at 6 volts (current 
consumption 1 2 amperes) A variable resistance is used to ensure a steady supply 
of current throughout the period of testmg c is a concave mirror reflectmg the 
hght from the bulb m parallel rays o is a circular opal plate in front of the bulb 
which dififuses the hght Immediately m front of the circular opal plate a metal 
ina-diaphragm, taken from a good Zeiss microscope, is mtroduced 



diaphragm numbers 



c Concave mirror 
h Electric bulb (3 45 c p 1 
o Opal plate 
t Iris-diaphragm 
p Pointer on scale 


/ Ean shaped enlargement (scale marked) 
jj, and Pj Tbiok opal plates 
t Test object (Qumounx) 
g Groove to take rack carrying glass 
filters 


The small handle of the iris-diaphragm is soldered to a narrow long 
There is a narrow transverse slot on the upper segment of the apparatus a e 
position of the ms-diaphragm, aUowmg movement of the pomter from outsi e e 
metal case Near the diaphragm, the apparatus is expanded m the shape o a a , 
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V of vrfucfi IS marked m figures on diameter of 

pomto IS moved m tlie slot, its of tke iris-diaphragm, two thick 

?he five holes together cover an area the surface A 

on m the apparatus, ® Aardboard facihtates observation of the test 

Innv freading distance), of blackened borizontal grooves, along 

objli Close to tlie gless-Uters (Tscheiraog’s photometno 

o to— on, e.n be sbd m o.d.s to 

slasses) of 10 ,10 ,10 > , five spots 

dunimsh further the m ensity n diaphragm at 

To deternune the ^°ethod was adopted The aperture of the 

any required aperture, the and the five spots of hght (the test object) 

Sl-g- at a certam ope^S -- rapfd photographic plate The 
for this opemng ^®''® P^^S of openiifg of the diaphragm, was photographed 
test object, at vanous dLities of these images were tiien compared 

on the same photo^phic plate Th ^^ ^^^^ ^ g Venkateswaran 

m a microphotometer (The author is ^ y g Bangalore, for assistance 

of tbe tty-’ 

m this connection) ^ oronortion of hght passmg through the 

showmg the relationship ®® onenii of the diaphragm This photographic 
diaphragm and the correspontog p ° adopted m order to ehmmate 

method of recording the amoun o P^^^ dfaphragm It was, however, suhse- 
any possible error due to impe , manner was essentially the same 

btun^rr, b^ .pp.y,ng .be mv.. s^uanee 
Tbe ■bleacbmg’ 

{loc cit ) It IS a hemi^henca ow dlummate the white inside surface 

upper margm a 200 watt electnc bulbj fe^^^^ 

Blummation from such a j ^ uniform area m the retma than 

itrir 

-Tbe teat - 

and tbe Tbe itoe of tbe teat 13 eiplamed to tbe aubjeet 

tbe appaiatna suitoUy “ to gam bia co-opetation Then with 

and a abort 2 i^ntes ^7“"“ S“ac ° |tbe bleaebiig bowl, and with bia 
ly‘es^rk“wf’tb“ire of tbe bennapbere, tbebgbt m tbe bowl m awitobed on 
Tbe idkn appeartoee of vety bngbt bgbt o.na» abgbt diacondort m aom. snbjecta 
this IS overcome by askmg them to blink rapidly for a moment T^e subject g^es 
Sdily at the bright surface for exactly 4 mmutes when the hght is switched 
ofi He then gets on to the adjacent stool and looks through the hood of the 
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adaptometer The hght in the adaptometer is switched on The cardboard rack 
containing the neutral hght filters is ready m the groove in front of the Quincunx 
so that the desired filter can be shd into position quickly opposite the test object 
This IS accomplished by feeling the notch cut on the cardboard earner to mdicate 
the position of the light filter After the desired filter is shd mto position, the 
pointer attached to the ins-diaphragm is moved from position zero up the scale 
until the subject says that the test object is very famtly visible The hght is now 
switched ofi By means of a small pocket torch a smaU spot of hght is allowed to 
faU on the stop-watch and the tune that has elapsed between the extmction of the 
bnght light and the response of the subject noted As the maxkmgs on the appa- 
ratus are towards tlie side facing the source of hght no extraneous hght reaches the 
subject As an additional precaution, the subject is asked to keep his eyes shut 
while readmgs are bemg recorded Often it is possible to take the first reading 
20 to 26 seconds after the extinction of the bnght hght But the readings taken 
withm to 2 mmutes are not very trustworthy, because the threshold for hght 
for an eye in the course of adaptation falls very rapidly m the imtial stages and is 
difficult to time accurately 

A series of readings are taken at known mtervals for a penod of 10 minutes 
and thereafter at 6-mmute mtervals until the eye is completely dark-adapted and 
no lower threshold can be reached In normal subjects it is necessary to use higher 
grades of neutral glass-filters as the tune of adaptation in the dark increases There 
are two controls for altenng the bnghtness of the test object, viz (i) the neutral 
filter in front of the Qumeunx and (ii) a finer adjustment % the movement of the 
pointer attached to the ms-diaphragm The veracity of the answers given by the 
subject IS tested from tune to time by suddenly cuttmg ofi the hght without his 
knowledge and sometimes the pomter is moved to a much smaller value and his 
answers checked When the final visual threshold is reached, as indicated by the 
pomter being at a certam value on the scale with the proper grade of neutral hght 
ffiter in position, it is evident that the subject wdl be imable to see any dimmer 
light bv either narrowmg the aperture of the diaphragm, keepmg the hght filter m 
position, or by mtroducmg a higher grade of filter, keepmg the position of the 
pomter the same This final visual threshold readmg is checked again after 5 and 
10 mmutes Usually readmgs are taken up to 46 mmutes 

In recordmg values the followmg pomts were taken mto consideration The 
lowest mtensity of hght visible to completely dark-adapted eyes m normal subjects 

can be recorded by usmg a neutral glass-filter of 10~^ transmission — ^when this 
grade of filter is used the pomter has to be moved m the neighbourhood of the 
6 mm diameter of the aperture of the diaphragm If at the beginnmg of dark 
adaptation no hght fidter was needed and the mtensity of hght was controlled only 

by the pomter and for recordmg the final visual threshold, a filter of 10 trans- 
mission was found necessary, it follows that the mtensity of hght was dnnmished 
by 1/10,000 of the ongmal value This 1/10,000 of hght mtensity is called 1 
The light threshold at various mtervals of time durmg dark adaptation is expressed 
in terms of this umt and comparative results for difierent subjects are thus obtained 



K Rajagopal 


356 


The logarithm of these graphically 

’XI” ^ -d.„^ »' - - 7 ‘ ™r . 


Graph 1 



The darl-adaptaUon curves oj 20 normal subjects 

Scattered pomte bound bv two curves— normal subjects The two curves and are for two 
sufferers from mgbt-blmdness 


in 30 to 45 minutes after ■which no further change took place In 2 cases 
giving values falling withm the normal range, 216,000 I U of ■vitamm A 
(m the form of ‘ Pr^pahn ’) -were given without appreciahly influencing the course 
of adaptation There was some i ariation m the values obtamed. for the same 
J, llR 7 
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person on different days and in those observed m different normal subjects A 
reasonable range for normal values can, however, be given This is shown m 
Graph 1 and can be used as a standard of comparison with the curves given by 
mght-bhnd subjects The giaph includes two curves given by 2 such subjects 
(curves Pj and C,) 

Cases of night-blindness — The investigation of 10 cases of mght-blmdness was 
earned out in two ophthalmic chnics at Coimbatore As far as possible other causes 
of mght-bhndness were excluded by examinations carried out by the ophthalmol- 
ogists in the respective dimes The subjects were malnourished individuals hving 
on a diet consisting mainly of rice with no milk, eggs or meat and leafy vegetables 
in negligible quantity Seven of the 10 showed xerophthalima and phrynoderma, 
and stomatitis were present in 2 of these cases Stomatitis was observed m one 
case not showing xerophthalmia The other two cases showed no visible evidence 
of vitamin deficiency apart from mght-bhndness Except in one instance, the 
patients gave a history of havmg suffered from mght-bhndness for a month or' 
more 

The response of dark adaptation to treatment with vitanun A in a typical case is 
illustrated m Graph 2 A typical normal curve is included for comparison Curve 
(^) depicts the course of dark adaptation before the admimstration of vitamin A 
The test was earned out m the morning , an hour later, the patient was given 3 c c of 
vitamin A concentrate orally (‘ Prepahn ’) eqmvalent to 216,000 I U m a single 
dose Curve {ii) represents the values obtained 5 hours after dosmg Forty- 
eight hours later the subject himself volunteered the information that from the 
evemng the dose was admimstered, he was able to see well m the dark 


It can probably be assumed that the improvement shown by curve {ii) (6 to 
6 hours after the experimental dose) was real The test carried out 48 hours 
after the adnunistration of vitanun A concentrate is shown m curve (^^^) This 
curve falls within the normal range The final visual threshold m this case showed 
a tendency to rise from the fourth day after treatment On the fifth day a second 
dose, eqmvalent to 144,000 I U , was given orally The curve for dark adaptation 
obtained the next day is shown as curve (^^;) It overlaps a typical normal curve (r) 
The sensitivity of the dark-adapted retina in this case and other similar cases was 
increased about 200 times by treatment with vitamin A, a change eqmvalent to 
2 5 umts on the logarithrmc scale 

Exceptmg for ‘ il ’ [ curve {i) ] all were given 216,000 I U of vitamin A 
orally and m each case normal values were obtained withm 24 to 48 hours 


The curves given by patient ‘ R - are of special interest Previous to testing 
he had suffered from mght-bhndness for only a week, the condition being less severe 
than m the other subjects A concentrate made from shark-hver oil produced m 
Malabar was adrmnistered About 60 grammes of the oil, which was rich m 
vitanun A, were saponified The yield of non-sapomfiable matter was about 2 g 
This was smtably diluted m a small quantity of arachis oil to obtam a cl^r my 
solution Spectrographic assay of the oil showed that the diluted oil had ® 
potency,?! 146,000 I U per c c The patient was given 1 5 c c (approximately 
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equivalent to 219,000 I U of vitamm A) oraUy Improvement occurred m about 
6 hours after dosage and 21 hours later the patient volunteered the information 
that he was able to see well the previous evemng The test carried out ^4 hours 


Graph 2 



Time in mmutes 


Darl-adapiatwn cunts of a typical case of night blindness before and after treaUnenl 
(0 Curve before admmutermg ntamin A 
(u) Five hours after adtojtustenng 216,000 I U of vitamin A 
(lu) Forty-eight hours later 

(ic) Twenty four hours after a second dose of 1-14,000 I U 
(i>) A typical normal cnrve for comparison 


after dosmg certainly showed that the subject had recovered (curve R ) It is 

clear that vitamm A concentrates made m India from shark-hver od coyld replace 
many proprietary .vitamm A concentrates at present importei „ The present, use of 
shark-hver oil as a substitute for cod-hver oil is a good beginning and there should 
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be scope for developin<r tins luclnsfcry so as to mclude the production of vitamin A 
concentrates 

The group of 10 cases included b which had been given cod-hver oil for a 
period of a week or 10 days (about 3,500 I U of vitamin A daily according to 


Graph 3 



Dark adaptation curves of 4 typical cases of night blindness before and after treatment 
R , K , C , P = Curves obtained before treatment 

= Six hours after administration of 219,000 I U of vitamm A (shark hver oil cone ) 

B^^^ = Twenty-four hours later 

C . K. , P = Porty eight hours after administration of 210,000 I U of vitamin A 
11 II u •’ -o 

N=A typical normal curve for comparison 

Bpectrographic tests on 1;ihe oil in question earned out in the Laboratones) Some 
improvement had apparently taken place in dark adaptation m these subjects, w^cli 
WRS shown by a shght fall m the curve towards the normal range A single dose 
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of 216,000 T U of ^ntaiinn 4. restored the curves to uornml Tliese observations 
suggest that lugh dos<ige with ntanuu \ is necessary to obtain dramatic results 
111 thmtal mght-bhudness 

Discussion 

Tvpicil untreated cases of mght-bliuduess exhibited a greatlv diiniiiishcd 
rate of dark adaptation and the visual threshold reached after 60 uunutes’ dark 
adapt itiou i\as very much higher than in normal subjects In the cases jiartiallj 
treated with cod-hver oil the rate of adaptation vas not as greatly dinumshed 
as lu tvpical mitreated cases The final visual threshold vas higher than normal 

Edmund and Clenmieseu (1936) recorded improvement in cases of hemeralopia 
in 7 to 10 imnutes folloivmg a parenteral mjection of 20,000 I U of \ntamin A 
Wald, Jeghers and Armimo (1938) observed a response in 30 minutes after admims- 
termg orally 100,000 I U , whereas Hecht and Maudelbaum (1939) found that 
100,000 I U of Mtamin A by injection produced a transient improvement and 
that 60,000 I U daily in addition to the ordinary dietary for a period of a month 
were required to restore the dark-adaptation cim’e to normal Results obtained 
m the present mvestigation are not completely m line with either of these findmgs 
The present work defimtely shows that there is improvement iMthin 48 hours when 
N ery large doses of vitamm A are gi\ en Discrepancies m the findings of difiereiit 
workers might be partly due to the different degree of impairment of vision in 
the cases studied 

Aykroyd (1930) obsersed clmical impro\emeut m mght-blmdness occurnug 
m Newfoundland fishermen 24 hours after the administration of ll 0 £ of crude 
cod-hier oil (eqmvalent to about 60,000 I U of vitamm A) It is possible 
that m Aykroyd’s cases the dark-adaptation curves did not return completely (o 
normal but sufficient improvement took place to remove the social mconvemences 
of mght-bhudness and satisfy the patients The present mvestigation confirms the 
obsen ation that m chmcal mght-blmdness impro\ ement in dark adaptation ma} 
take place rapidly, i e ^\^thm 24 hours, on treatment with vitamm A 

Possibly the large dosage of vitamm A concentrate admmistered to the patients 
i\ab unnecessary and equally good results might have been obtamed mth a 
smaller dose 

There are certam drai\ backs to the routme use of dark-adaptation tests They 
cannot be apphed to young chddren or mentally dull people uho cannot understand 
the test In the present mvestigation no subject below the age of 11 years was 
btucbed It IS possible that widely different age groups may have different normal 
r ites of dark adaptation In the present studv the 4 previously untreated cases 
of mght-blmdness and the majority of the normal subjects were m the age group 
The long time taken by the test, the tedium of sittmg for this 
period in the dark and the necessity of repeatmg the tests m some cases, are further 
clisadiantages It may be possible by devismg a test of short duration to detect 
m about 10 to 15 minutes a change m the rate of dark adaptation m marked 
cases of lutarmu A defaciency (as m chmcal mght-blmdness), but to detect mild 
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degrees of impairurent in adaptation a test sufficiently prolonged to enable a stable 
visual threshold to be reached would be necessary The present investigation 
suggests that in pronounced cases of chnical mght-bhndness there is a clear-cut 
relationship between vitamin A and dark adaptation Whether the same relation 
holds good in subjects showing mmor degrees of variation m adaptation closer to 
the normal range is a matter for further mvestigation 


Summary 

1 The dark-adaptation curves of 10 cases of climcal mght-bhndness and 
20 normal subjects were determined by an adaptometer of the Birch-Hirschfeld 
type In the former there was a slower rate of adaptation and a higher final visual 
threshold 

2 Treatment with a large dose of vitamin A (216,000 I U ) produced 
improvement withm 6 hours and withm 48 hours the curves returned to the 
normal range 
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It has been shown in a previous communication (Lai, Mukherji, Das Gupta 
and Chatter]!, 1940) that the reactmg substance which has been isolated m pure 
form serves to indicate the amount of argemone od present m mustard oil Sugges- 
tive evidence has also been obtamed that the degree of toxicity of oil corresponds 
roughlv with its reactmg substance content A study of the physical, chemical 
and biological properties of this substance was undertaken in the hope that it 
might throw some hght on the nature of the toxic substance 


A Method op isolatiox 

The reacting substance (white crystaihne substance) can be obtamed m fair 
amounts by a simple process 


Read at the Indian iScieiice Congress, January 1941 
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One liundred c c of oil, 26 c c to 30 c o of absolute alcohol and 26 c c to 30 c t 
of saturated solution of caustic potash are vigoiouslv shaken together To accel- 
erate the process of sapomfication the nnxture is heated to ]ust below i00°C for 
half to one hour It is then allowed to cool Etjual amount of distilled water is 
added and the emulsion is left undisturbed for a few days Small shimug mica-bke 
crystals soon appear which separate out on further cblution with distilled water 
and are slowly deposited at the bottom of the vessel The rate of crystal fomuitiou 
increases if the mixture is kept in the refrigerator 

To obtain the crystals the emulsion is filtered through a filter-paper Tlio 
crystals are repeatedly washed with distilled water to remove the soap Beiug 
soluble in hot alcohol and only partially soluble in cold, they are purified by 
dissolving in hot alcohol and re-cryatallizmg by coohug The substance is then 
dried in hot air-oven at 50°C to bO°C and finally under vacuum at 100°C until 
constant weight is maintained 

B NaTURI;, and PROPtRlIES 

1 Physical pwjpetlies 

(i) Gewial — The crystals are white, shimug like bits of mica , under tlie 
microscope they give the appearance of thm rJiomboidal plates mostly ocournng 
in bundles {vide Plate X) 

The substance has a shaip and constant melting point between 188°C and 
189°C Tins fact indicates its puritv 

The density determined by the flotation method using potassium iodide 
solution iox the purpose is 1 12 at 

In alcohohe solution the substance exhibits a strong bluish-violet fluorescence 
The absorption spectropbotograph exhibits two broad absorption bands One 
of them IS between 3,120 A U and 2,560 A U \vith the luaxmium at 2,760 A U 
and the other band between 3,120 A U and 3,400 A U with a niaximuin .it 
3,240 A U 

(ti) Solubility — The substance is insoluble m both cold and hot nater, spaiingb 
soluble m cold absolute alcohol but more so m hot alcohol It is readily soluble 
in most of the orchnary orgamc .solvents, e g chloroform, acetone, carbon tetrachlo- 
ride, carbon disulphide, benzene, ether, toluene and hot amjd alcohol Dissolved 
in chloroform and carbon tetracldonde it develops a sbght yellow colour whicb 
in the former solvent deepens on exposure to hght 

It IS insoluble m strong oi dilute alkali even when lieated but it is soluble iii 
dilute hycLrochlonc acid, more particularly on waruung 

2 Chemical properties 

(i) Colou) leaciion—The crystals give chaiactenstic colom reactions ivith 
'certain reagents {mde Table) For purposes of companson corresponding reactious 
<nven by berberme and protopine are also noted (Mitchell, 1929 , Small, 19 



Plate X 



"'licrophotograph of the ‘ white crystaihne substance ’ 
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Chenituil ruirAwns of iht irhilc cri/sOilhnc aiihsUnwc cunijxired icith 
iJioie of berbenne and protopinc 


llea.iuU 


lliatHii" subotanci 
(white crvstallmi,) 


(.out UNOj 
< oiu H 


lUthkih brown 

\tllow tunuu_ to amber 
eoltiur and on Lmtm^ 
jmni. h black 


Bcrbtnut 


j Ketliliah brown 


l’roto(/iut 


KJ r_ 0 - m com. rXxp-farown 

Mixtun. ot t H^kUOH iamt-teDow 
anil H^O, 


brohdtn rea.tnt 


Yellow, olive ami finallv 
orua_e n.tL 


Orange iellowchanjiw to \tIIow turmn„ to 
tilnc green on warm blue uolct, then 
green 

inten;;). blue 
Decjr-bluc viob t 

Ohvc turning vaolet. 


mg 

Black changing to violet 


iKep-v eUow 


Solution of cupn. On he.tm_ the bint 
aietale m ,.ljiial colour of the -elution 
atet c at i than_i> to green. 


' Immcfhato vtUow thang 
mg through tl a r k. - 
, brown to violet brown. 

1 

r 

j (In htatm^, the blue , 
colour of the cupne 
acetate solution chan i 
I ges to iIctp-gRcn 


then green 


(if) Alknlotdal teadiof ', — DtscoKed m dilute hydroemone acid the sub'itaiu c 


gave the follotong reacnons — 

1 'LiVera reagent 

t 'a.ctanrcl solatzon of p me arui m water 
3 '•< nceii?cnein t rta.en' 

^ Taunw ac 4 -olati /a in water 
5 S:,'ciniKii zolatioa ot mtrcunc chloride in 

^OwcT 

u t\agn±r5 

1 Jlafeclujr reagent 

^ Platm.'' cclo'v'e v>luti n in w..t< r 

Tce-e results 5U(i2e=t that the r«i< tin" 

• c- 


Ubitc precipitate 
Dc-cp-yellow shining prccipitat/ 

Brown) ah jcUow precipiUatc, iU[i«.riMUnt 
>«IuUon bloiah green 
Wbite precipitate 
UTiite precipitate 

HeawehocoLitc prccipitati 
( otour changed from white to pale vcHow 
Jj_nt brown col iured crvatalbne precipitate 

substance is ai^aloidal in nature 


" I rompO’^tUOK 

Th? re-Tiits of inicr'Aiieniii-al anaK^ (two con..e<.utrvc readin 'sl arc 

foUo-Ts _ c ; - 

Per* enrage of C and H detenume*! bt- Pre^gel - mcth*xi — 
f == 71 in 71 3n 
H = i 3-5 4 3S 

Peiccr.ta_'- o: X derer rii’n rd b llif r»r-Dunia’s method — 

X = 4 i7, 4 >1 

T_e e_jj.ni-a5 tommla oi tee stibstauce u therefore C'iiHj^OiX 
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4 Molecular iveigJit 

The molecular weight was determined by combmmg the base with platmum 
chloride It was found to be 320 This figure closely approximates to the one 
obtained from the empirical formula, vu 321 

In the preparation of the reacting substance, the process of saponification in- 
volved a rather drastic treatment and it was thought that this circumstance might 
damage or denature the to\ic substance present in the toxic oil in the native form 
Using another method to meet this objection, a crystalhne free base was obtained 
m pure form (to be called C F B for short) 

Crystalline free base {C F B) — 

(а) Method of isolation — Hydrochloric acid gas is passed through argemone 
od dissolved m erjual volume of dry ether, till precipitation is completed The 
precipitate is separated by rapid filtration through a Buchner funnel in vacuum 
It IS repeatedly washed with dry ether to remove the last traces of od It is then 
dried in vacuum desiccator To obtam the free base the substance is washed m 
33 per cent liquor ammoma or repeatedly m hot water 

The substance is purified by dissolving m mimmum quantity of hot toluene 
and precipitating by the addition of equal volume of hot absolute aleohol If the 
pioeess 13 repeated a number of times the compound is obtained m pure form It 
IS dried in vacuum at 100°C 

(б) Nature and 2 >>‘operttes Physical properties — (i) General — It is a snow- 
white crystalhne compound and looks like common salt It has a sharp meltmg 
point at 190°C Solution m alcohol exhibits a strong bluish-violet fluorescence 
\ii) Solubihty — This is same as of the reacting substance 

(c) Chemical properties — Colour reactions and alkaloidal reactions are also the 
same as of the reacting substance 

{d) Chemical composition — The microanalytical data are as follows (two 
consecutive readings) — 

Carbon 72 06, 71 94 

Hydrogen 4 56, 4 48 

Nitrogen 4 44, 4 46 ‘ 

The empirical formula works out to be C] 9 H]o 04 N wluch is identical with 
that of the reactmg substance Thus, the two substances though rather different 
in their physical appearance and obtamed by two different methods are cheimcallv 
almost identical 


Discussion 

The biological properties of the reactmg substance and of the free base ^1 
be described m a separate commumcation However, it may be stated here tha 
both of them contam a radical which is responsible for the differential teste of toxic 
oils described in a previous commumcation (Lai, Mukheiji, Eoy and Sankaran, 
1939) It may also be mentioned that argemone oil which has been expose o 
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light for a sufficiently long period to greatly reduce its reactivity to the differential 
tots (Lai et al , 1940) yields a very poor crop of the reacting substance or the free 
base As mil be shown in a subsequent paper, argemone oil which has almost lost 
its reactivity to the tots due to either exposure to hght or to extraction of the 
crystalline free base (C F B ) also loses its toxic properties From these results 
it would appear that the reactmg substance or the crystalhne free base represents 
a part of the complex molecule of the specific tovm as found in the oil This 
compound is liable to break up by a relatively simple chemical treatment 

SoitMARY 

1 Two methods of isolation of substances which are responsible for the 
reactunty of the argemone oil (or mustard oil epidermologically associated with 
epidemic dropsy) have been described 

2 Eeasons are given to suggest that these substances represent part of the 
complex molecule of the native toxic substance m the oil 
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It has been reported by us in a previous pubbcation (Ghosh and He, 1937) 
tint starting ivith a sample of dry cobra venom the pig^n ^t of which was 0 
mg (one pigeon umt being defined by us as that ciuantity of venoin which when 
injected intomuscularly, was ]ust sufficient to kill a pigeon weighing 300 g to 
310 g ). the neurotoxm was separated from the heemolysm and was conceutratwl 
to s^h an extent that its pigeon umt was found to be 0 018 mg (dry weight) 
AVhile examining the toxicity of samples of cobra (Naja tnpudiana) venom procmed 
from difierent sources, a sample of venom from the Drug House (ludia), Ltd , 
was found to be much more toxic than the others Havmg been assured of a 
steady supply of this quahty of highly toxic venom, attempt was made to isolate 
the neurotoxm from it The results we have obtained so far are recorded in this 
paper 

CONOENTRATION OF NEtTROTOXlN 

1 Preci])itatioii of the impurities uith sodium sulphate —The crude cobra 
venom contains^ besides the neurotoxm, a number of enzymes, and a considerable 

( 367 ) 
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proportion of inactive protein It was found by expenment that the major portion 
of these latter substances could be removed by fractional precipitation with sodium 
sulphate A stock solution of sodium sulphate was prepared for this purpose by 
using 44 g of anhydrous sodium sulphate per 100 c c of water at 37°C and the 
precipitation was earned out in two steps (a) and (h) usmg difierent concentrations 
of the electrolyte In the first step (a), to 100 c c of a 0 5 per cent solution of the 
cobra venom was added with constant stirnng an equal volume of the sodium 
sulphate solution and the mixture left in a thermostat adjusted at 37°C for 30 
minutes It was then filtered and the precipitate dissolved in 50 c c of water 
and re-precipitated with the addition of 50 c c of the sodium sulphate solution 
This process was repeated once more and the different filtrates were combined 
The precipitate was found to contain about 18 per cent of the neurotown, 
while the combined filtrate contained more than 80 per cent of the neurotoxin 
The next step (b) consisted of further fractionation of this combined filtrate 
and it was carried out in the following way The volume of the filtrate was 
measured and for every 100 c c of the filtrate 48 c c of the sodium sulphate 
solution were added \vith constant stirring The mixture was left in a thermostat 
at 37°C for 30 minutes and then filtered The precipitate was dissolved in 
50 c c of water and then treated with 100 c c of the sodium sulphate 'solution 
After incubation at 35°C for 30 minutes, it was filtered The filtrates were 
combined and it was found to contain about 55 per cent neurotoxin and 12 per cent 
protem 

2 Precipitation of the neurotoxin with tungstic acid — The volume of the 
combined filtrate was measured and for every 30 c c of the filtrate, 1 c c of 
2/3 N sulphimo acid and 1 c c of a 10 per cent solution of sodium tungstate were 
added with constant stirring The mixture was left at room temperature for 
about 10 to 15 rmnutes and then centrifuged The supernatant hquid was decanted 
off and the precipitate washed twice by centrifugation using each tune 10 c c 
of an aqueous solution of sodium tungstate and sulphunc acid m the same 
proportion in which they were used before After the washing was completed, 
the precipitate was suspended in 10 c c of water and N/5 sodium hydroxide 
solution was added to it drop by drop with repeated sturing until the solution 
became clear and alkahne (pH 8 6 to 8 8) To this solution was then added 
barium chloride in shght excess to remove the tungstic acid as insoluble barium 
tungstate The mixture was centrifuged and the supernatant hquid containing 
the neurotoxm was withdrawn It was neutrahzed with ddiite sulphuric acid 
solution and any barium ions contained m it was precipitated by treatment with 
just sufficient quantity of dilute sodium sulphate solution It was filtered, the 
filtrate cooled in an ice-chest and then treated with four times its volume of ice- 
cold methyl alcohol, when a precipitate was formed containmg the neurotovin 
The mixture was centrifuged, the supernatant hquid was decanted off and the 
precipitate dried m a vacuum desiccator The dry substance thus obtained wi 
be called neurotoxin (1) The toxicity and protein content of the neurotouu 
(1) was determined and it was found that 1 mg of its protein was associated wita 
i05 pigeon umts 
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3 Fraclional precipitation with methyl alcohol — ^The neurotoxin (1) prepared m 
the -way desenbed aboAe "aas dissolved ui water cooled to about 2°C and subjected 
to fractional precipitation at different pH with ice-cold methyl alcohol The 
expeninents were earned out at a low temperature in order to avoid destruction of 
the neurotoiin owing to denaturation The results are recorded m Table I It 
will be noticed from the data that the optimum condition of precipitation is near 
about pH 2 8 using a volume of alcohol twice that of the aqueous solution The 
precipitate obtained under the above optimum condition was washed se\ eral times 
by centrifugation using a mixture of methyl alcohol and water in the proportion 
of two volumes of alcohol to one volume of uater Finally, it was washed once 
with absolute methyl alcohol and dried inside a vacuum desiccator This dried 
substance will be refened to as neurotoxin (2) One pigeon umt of neurotoxm (2) 
contained only 0 008 mg of protein The procedure desenbed above w as repeated 
many times and was found to yield consistent results 


Table I 


I 

Volume m c c of 

0 OW per cent 
neurotoxm d) i 
solution U5^ 1 

1 

pH adjuatM 
at 

t olume m c 0 of 
methjl alcohol 
added 

Weight m mg 
of protein 
* precipitated 

Xumber of pigeon 
units of neurotoxm 
associated with tho 
^ precipitate 

1 

6 

2 2 

1 

10 

1 08 ' 

1 

i 

143 

1 

6 1 

i 

2 8 

10 

1 60 

188 

a 

60 

10 

1 22 

145 

6 

7 0 

1 

10 

1 10 

125 

■i 


4 Fraclwiial precipitation xmth ammomum sulphate —Besides methyl alcohol 
sul^te was also used m an attempt to concentrate the , neurotoxin 
still turther by fractional precipitation from a solution of neurotoxm 11) FiHv mtr 
of the nemotoxin (1) were dissolved m 10 c c of water, the solution cooled to 6°C 
and 3 I of ammomum sulphate were added to it graduahy while stimng the mixture 

Whatman diter-paper No 60 
the filtrate cooled apd again treated with 3 g of ammomum sulphate^ After 30 
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imnutes it was again filtered in tlie manner described above The toxicitv and 
tlie amount of protein in the difterent fractions are recorded m Table II — 


TAMIiE II 


Aniinouiuin 

Hulphate 

! Quantity oi irotlin 

1 IN 110 l'Oirsj> IN Tn* 

1 Nuiubei of pigeon 

I unite of neurotoxm 

1 found III the 

1 precipitate 

1 

Niiinber of pigeon 
mute of neurotosu) 

kUIuI m g 

Precipitate 

1 

i Solution 

.1 

left in Molntion 

0 

1 

0 

1 

( 

, 50 

1 

1 

1 

1 

0 

5,260 

1 j 

t 

' 17 

1 

140 

( 810 

G 

1 

1 

32 6 

, 14 4 

1 

2,660 

i 

2,360 


It will be noticed from the data recorded m Table II that the last filtrate 
obtamed after a total quantity of 6 g of ammonium sulphate has been added still 
contains a considerable amount of neurotoxin associated ivith a relatively small 
proportion of protem The separation of the neurotoxin from this filtrate bv 
tungstic acid, its elution from the tungstic acid surface and its precipitation ami 
drymg were carried out in exactly the same way as described under the heading 
(2) The toxicity and protein content of this preparation to be referred to as 
neurotoxm (2A), was determined and it was found that per pigeon umt it contained 
0 0061 mg of protem The mouse umt of this neurotoxm (2A) was also determmed 
by intramuscular injection into nnce each weighmg between 18 g and 20 g It 
was found that 1 mg of neurotoxm (2A) contamed 46,600 mouse umts , one mouse 
unit bemg defined as that quantity of neurotoxm which on mtramuscular injection 
kills a mouse weighmg between 18 g and 20 g divided by the actual weight ui 
grammes of the mouse used, i e if 1 mg of neurotoxm is required to kiU a mouse o 
20 g then the mouse unit is 1/20 or 0 06 mg 

6 A companson of the aclimty of the cobra neuwtoxin separated by different 
authors — Investigation on the isolation of the neurotoxm of the cobra veMm as 
been earned out by Gangidy and MaUcana (1936), Ganguly (1937) and by 
and Konx (1936), by Micheel et al (1937) and by Ghosh and De (1938) JUciie 
et al report that on electrolysis of a solution of Naja tnpudiana venom m • 
multi-chambered cell a solution was obtamed m one experiment which 
0 03 V of protein per mouse unit On evaporation under reduced i 

toxicity of the solution dimimshed considerably and the sohd obtamei con 
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one mouse unit per 0 53y of protein The neurotoxm {3A) which we have separated 
in the sohd state contained one mouse unit per 0 022y of protein and is tlierefore 
about 1 4 tunes more active than the solution prepared by Micheel el al This 
preparation (2A) therefore represents the most active neurotoMii that has yet 
been isolated m the sohd shite 

6 Action of chemtcah on the neiiroloxin of cobra (Naja tripudiana) lenom — 
The action of cysteine and sodium bisulphite on the neurotoMiis of Naja fava and 
Naja tripudiana has been investigated by ilicheel et al (loc cU ) and on tlie ueiiro- 
tosins of crotalus-t-ternficus and of Bothrops Jararaca by Slotta el al (1938) 
These authors have found that both the compounds have got destructive action 
on the uenrotovins of the venoms investigated, the action of sodium bisulphite 
being found stronger than that of cysteine Micheel el al eTplain them results by 
assmmng that a neurotoxm molecule contains a thiolactone nng and inactivation 
is produced by the sodium bisulphite attackmg the thiolactone ring and breaking 
it up Slotta et al on the other hand assume that the neurotoiana contain -S-S- 
hnkage in their molecules and that the cysteme or the sodium bisulphite attacks 
the -S-S-lmkage and breaks it thereby producing inactivation of the iieurotoxins 
We have investigated not onl> the action of cysteme and sodium bisulphite but also 
of a number of other compounds possessmg marked reducing properties on the 
solutions of the ueurotoviii (1) isolated by ns as well as on that of crude cobra 
{Naja tripudiana) venom The pH of the solutions m all cases except where 
HCl was used was adjusted at about 7 0 by adding the requisite volume of dilute 
sodium carbonate solution. The results are recorded in Tables III and IV 


Table HI 


Solution of neuroloxin (1) 


Compound used 

Quantity of 

1 

1 

WeiEht m me I 

Volume lu 

XcniDEB 01 

10 c c 

f UMTS OV TOXIN IN 

OP SOLUTION 

compound 

taken 

of neurotoxin I 
(I) taken ^ 

, 1 

c c of 
aoliition. 

At the 

I beginning 

1 

After 

24 hours 

Lojis of 
toxicity m 
per tent 

Sodium bisulphite 

! 20 mg 

1 

10 

i 

i 106 

s 

95 2 

Sodium Bulphite 

20 „ 

1 

10 

1 

106 

02 

124 

Cysteme 

1 

200 „ 

1 

10 

105 

79 

24 7 

•\8corbic acid 

200 „ 

1 

10 

105 

- i 

28 0 

Zn + HCl (N/IO) 

2 c c 

1 

10 

103 

65 

38 I 

HU (X/10) 

■> 

** » 

1 

10 

105 

90 

14 3 

(passed for 15 ramutea) 

j, HR 

1 1 

1 

10 

105 

105 

Nil 
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Table IV. 

Solution of crude cobra venom^ 


Compound u-ied 

Quantity of 
compound 
taken 

Weight m ing 
of crutlo 
venom 

Volume m 

1 

Number of units of toxin in 
10 0 c OF solution 

c c of 
solution 

i 

1 

1 At the 
[ beginning 

1 

1 

After 

24 hours 

1 Loss of 
toxicity in 
per cent 

Socbum bisulphite 

20 mg 

10 

1 

10 1 

100 

8 

92 

Sodium sulphite 

20 

10 

10 ' 

100 

91 

9 

Cysteine 

200 „ 

1 

10 

10 

100 

91 

■ 7 

Ascorbic acid 

200 „ 

10 

10 

100 

96 

6 

Zn + HCl (N/10) 

2 e c 

10 

1 

10 

100 

62 

38 

HCl (N/10) 

0 

^ ff 

10 

1 

10 

100 

90 

10 


It will be noticed from the data recorded in Table III that sodium bisulphite 
has got the greatest destructive action on the cobra neurotoxin Cysteme and 
ascorbic acid produce only 25 and 29 per cent destruction respectively even at 
concentrations 200 tunes lugher than that of the neurotoxm (1) Treatment with 
zmc dust and N/10 hydrochloric acid produces about 38 per cent destruction But 
since N/10 HCl alone produces about 14 per cent destouction, the effect due to 
nascent hydrogen is therefore only 24 per cent If the destruction of the neurotoxm 
was due simply to the reduction of the -S-S-hnkage to -SH as has been suggested 
by some authors, then it would be difficult to explmn how, of aU the reagents used, 
sodium bisulphite alone could produce destruction to the extent of 96 per cent, 
while the maximum mactivation caused by the others was only 30 per cent 
It appears hkely that sodium bisulphite has some specific action on the cobra 
neurotoxm We have found that the neurotoxm (1) contains some carbohydrate 
and it IS hkely that the bisulphite reacts with the carbohydrate and thereby 
produces mactivation A companson of the results m Tables m and IV will also 
show that sodium sulphite, ascorbic acid and cysteme destroy the neurotoxm (1) 
to a greater extent than the neurotoxm m the crude venom This is perhaps 
due to the fact that the crude venom contains, besides the neurotoxm, many other 
substances and these react with the reagents and partly neutralize them so that 
them effect on the neurotoxm m the crude venom becomes less pronounced 
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StraiufiY 

1 A very active sample of neurotoxm has been separated from the crude 
cobra [Naja Inpudiana) venom by fractional precipitation of impurities with 
sodium sulphite, adsorption of the neurotoxm on tuugstic acid, followed by its 
elution and further fractional precipitation from the eluted solution by treatment 
with ammomum sulphate The pigeon and mouse units of this neurotoxin were 
0 0061 mg and 0 022y respectively 

2 The action of a number of reducing agents on solutions of cobra 
neurotovm has been tned m vitro and it has been found that sodium bisulphite, 
zmc and hydrochloric acid (N/10) ascorbic acid and cysteine can destroy the 
neurotoxm to a marked extent 
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Part XIII 

NOESLU. IEDL4N WOMEN IN CALCUTTA 
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[Received for pubhcation, December lU, 1940 ] 

In earlier papers on this series (Parts II and Y) we reported the blood findings 
in Indian men hving in Calcutta (Napier and Das Gupta, 1935, 1936) An 
opportunity arose to obtain blood specimens from a number of normal Indian 
women bvmg m Calcutta The analysis of our findings is reported ui this paper 
This mvestigation was undertaken with the assistance of the staff of the Indian 
Research Fund Association s mquirv into the anmniia of pregnancy in Calcutta 
which was conducted successively by the two semor writers Drs (Misses) S 
Pandit, S Dharam\'ir and J Dei, and Dr D N Mukherjee assisted m taking 
the blood and m domg some of the counts and estimations These were aU 
evpenenced workers lud the work was done in the semor writer’s laboratory at 
the Calcutta School of Tropical Jledicme by, or under the direct supervision of, 
the ]umor writer 

The subjects — ^The -sast majonty of the subjects were smgle w'omenj they 
included doctors, medical students, health visitors, school girls, volunteers from 
the J W C A and older girls from the London Mission and Scottish Mission 
liostels There were 134 women, aged from 14 to 38 , the various age groups were 
not e\ enly distributed enough for division of the subjects mto annual age groups, 
but, in order to see if age has much influence on the heematological fimdmgs, w e 
have divided the subjects mto three mam age groups The ongmal mtefition 
was to divide them mto qmnquennial groups, but, as this left only very small 
groups at each end of the scale, w e decided to mclude these m the top and bottom 
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age groups, respectively There was only one subject aged 14 and only 6 over 30 
Subsequently, we separated and re-analysed the age groups 15 years and 16 years, 
as there were 24 and 20, respectively, in these two groups We have thus analysed 
the data separately for three major age groups and for the individual years 15 
and 16, in regard to haemoglobin, total red cells, reticulocytes, mean corpuscular 
volume (MOV), mean corpuscular heemoglobin (MGH) and mean corpuscular 
liEemoglobin concentration (MGHC), total leucocyte count, eosinophil percentage, 
Arneth count (weighted mean) and platelets 


Table 1-a 


Shoioing haymoglobm percentages (100 per cent = 13 75 grammes) 
%n different age groups 



Age group 

1 ' 

Number of 
subjeota m 
each group 

Mean 

S D 

A 

15 

1 

24 

88 468 

± 7 896 

B 

16 

1 

20 

92 300 

± 6 731 

C 

14-19 

1 

67 : 

90 149 

± 8 452 

D 

20-24 

1 

30 

91 083 

±804 

E 

26-38 

' 

31 

1 

90 462 

±9 69 


Table 1-6 

Sliomng red cells lu thousands per c mm in differed age 

groups 


Age group 

Number of 
subjects lu 
each group 

1 

Mean 

S D 

A 

16 

1 24 

4682 08 

± 607 77 

B 

10 

' 20 

1 

4686 60 

1 

1 

± 393 98 

C 

1 

14-19 

1 

1 67 

1 

4666 27 

± 448 91 

D 

20-24 

36 

4629 72 

± 372 66 

E 

26-38 

1 31 

4714 36 

± 360 16 
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Table I-c 


Showing reticulociite percentages in different age groups 



' 

Xumbtr of 

! ! 

& D 


Ago group 

subjects in 
each group 

Ale HI 

A 

1 

1 15 

i 


0 J7 

1 

± 0 30 

B , 

1 

1 

18 

. 0 2G 

1 

±0 17 


t 


i 

C 

lJ-19 

03 

1 

0 39 

± 0 67 

1 

“ 1 

30-24 . 

34 

' 0 49 

1 

±0 33 

E ' 

35-38 

31 

0 38 ' 

±0 33 


Table l-d 

Showing mean corpuscular volume (MCV) in cu jx in 
different age groups 


i 

Age group | 

X'umber of 
subjects m 
each group 

ilean 

1 

s 

D 

1 

A ; 

15 

1 24 

1 

84 16 

1 ± 

9 30 

B j 

10 

1 

1 86 13 

1 

± 

0 89 

t 

1 

' 14-19 

07 ' 

86 91 

± 

8 41 

U 

1 iO-24 

1 

36 

86 99 

± 

7 60 

E 

1 25^3 

1 

! 

31 

1 

85 66 

± 

6 91 
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Table 1-e 

ShoiLUKj mean co) pitscular haimoglobin {MGH) in yy in 
different age groups 


Ago group 

Number of 
subjects m 
each group 

Mean 

& D 

A 

IS 

24 

2b 85 

1 

± 3 77 

B 

16 

1 

20 

27 57 

lb 2 30 

C 

1 

14-IM 

67 

27 27 

± 3 21 

D 

20-24 

36 

27 32 

± 3 19 

E 

25-38 

U 

26 51 

± 3 32 


Table I-/ 

Showing mean corpuscula) hcemoglobin concentration (MGEC) 
percentage in different age groups 


Age group 

Number of 
subjects in 
each group 

Mean 

S D 

A 

15 

24 

31 89 

± 187 

B 

16 

20 

32 14 1 

i 

± 1 22 

1 

C 

14-19 

1 

67 

31 77 

± 1 64 

V 

20-24 

36 

31 27 

± 1 84 

K { 

25-38 

31 

30 88 

± 2 49 

± 2 01* 

25-38 

30 

31 16 


* Note — In one subject the MCHC was 22 7 per cent , this is 6 
cent lower than the next lowest figure If this readmg is excluaed trie 
mean, etc is as shown in this lino 
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Table l-g 

Showing the leucocgte count per c nun in different age 
groups 


Ago group 

Number of 
aubjecta m 
eaeb group 

ilcau 

b D 

A 

15 

24 

7162 50 

± 1890 87 

B 

lb 

20 

t 7018 00 

! 

± 1844 66 

C 

14-19 

07 

7612 63 

± 1813 06 

D 

JIO-24 

36 

i 

7118 89 

± 1607 84 

E 

25-38 

« 1 

31 

6430 07 

1 

± 1401 63 

1 



Table 1-7; 


Showing (he eosinophil percentage m different age groups 

Age group 

Number of 
subjects m 

1 each group 

ileau 

! 

S D 

A 

15 

23 

1 

568 

1 

± 4 92 

B 

1 

20 

535 

1 

±4 37 

C 

i 

1 14-19 

' 03 

) 

1 

6 28 

1 ±4 41 

/ 

D 

iO-24 

35 

5 67 

±408 

E 

25-38 

30 

' 4 07 

± 3 68 

1 

i 











380 Hcematological Studies in Indians 


Table I-^. 


Shoioing the Aineth count {loeighted mean) in 

groups 

different age 

Age group 

1 

' 1 
Number of 
subjects in ' 
each group ^ 

Mean 

1 

1 

} S D 

1 

A 

15 

, t 

■ 1 

1 

1 71 

±0 24 

B , 

1 

IG 

12 

1 6J 

±018 

c 

14-19 

1 

64 

1 70 

±0 23 

D 

I 20-24 ' 

1 

a 

1 80 

±0 28 

E 

25-J8 

25 

1 

00 

1 

1 i 018 

1 


Table I-;; 

SJiom>ig the platelet count m thousands pe) c nm. in different 

age groups 


Ago group 

Number of 
subjects m 
each group 

Mean 

S D 

A 

16 

1 

1 16 

1 

627 63 

± 391 82 

B 

1 

16 

10 

688 80 

1 

± 402 65 

1 

U 

14-19 

4G 

678 70 

1 

± J88 JO 

B 

20-24 

29 

610 41 

± 388 64 

E 

26-38 

26 j 

718 38 

1 

± 499 74 
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Difference belueen the findings ^ff^nt Seated 

difEerence between tbe means ° ® mvestmated A sigmficance table 

and the sigmficance oi these differences ,, °o case was the 

(Table Il-fl) for the hiemoglobm difference between the 15-year 

S' “^p: S S: S^nce . lev. 


Table Il-a 


‘ Significance ’ table for daUi m Table I-a hwmoglobin 


Groups 1 

contrasted. 

Difference 
between 
means, 
m, and m. 

standard 
error (S E ) ^ 
of difference ' 

1 

m, — nia 

Sigmficance 

S E 

— — “I “ 

A and B 1 

1 

2 842 ! 

' 2 050 

1 

1 87 

Xot significant 


A and D 

2 025 

2 000 1 

1 25 



A and E 

1 9W 

1 

2 372 

1 

084 

» 


B and D | 

1 217 

1 854 

0 66 

I 

$t 


1 

B and E ' 

I 1 848 

t 

2 161 

0 86 

1 

H 


C and D 

0 034 

1 1 092 

1 

1 055 

1 

rt 


C and E 

0 303 

j 2 024 

0 15 

\ 

» 


D and E 

t 

1 0 631 

1 

1 

1 2 196 

1 

j 0 27 

- 



In the case of the total red cell counts, there is httle difference between any 
of the means and these differences are not ‘ significant ’ 

The means of the reticulocyte percentages were only worked out to two points 
of decimals, but this fact will not affect any conclusions one might draw The mean 
of the reticulocyte percentages for the 16-year age group appears to be very low, 
■si gnifi cantly lower than that of the 20-to-24-year age group but not than that of 
the highest age group There are only 18 subjects in this former group and it is 


* Bj significant ’ ne mean that the ^robabihtiea are at least 20 to 1, that the difference between 
two means is not due to chance , this is mdicated by the difference between the means being more than 
tmco the standard error of the difference 
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doubtful if any importance need be attacked to this observation The data are 
given in Table II-c — 

Table II-c 


‘ Significaowe ’ table for data in Table l-e , reticulocytes 


Groups 

contrasted 

j 

1 

1 Dilleronco , 
' m means 

Stuudurd error 
of dilTorenco j 

1 

1 

m, — mj 

S E 1 

1 

1 

Significance 

i 

B— ]) 

1 0 2J 

±0 06 

i 

3 83 

Significant 

B— E 

1 

0 n 

±0 07 

1 

1 71 

1 

1 Not aignificant 


The three corpuscular values which are shown in Tables I-d, I-e and I-/ are 
very constant and m no case is the difference between any two groups anything 
like ‘ significant ’ As far as the MCHC is concerned even the readings within the 
various groups are very constant as is shown by the very low standard deviations 
from the means 

The case of the leucocyte counts is different and the three mam age groups 
show a progressive downward tendency m the leucocyte counts , the difference 
between the youngest and oldest age groups is ‘ significant and the difference 
between the nuddle and the oldest groups is ]ust short of the ‘ significance ’ level 
(Tables I-^ and II-^) — 

Table II-^ 

‘ Significance ’ table of data in Table I-g leucocyte count 


Groups 

contrasted 

Dilfcrence 

between 

means 

S E of ! 
diffcreiKo | 

1 

uii — 

b E 

1 

1 

bigmfacauco 

A and B 

706 60 

664 89 

1 36 

Not siguilicaut 

A and D 

JJ 01 

479 69 

0 07 

y> 

A and E 

721 63 

469 83 

1 64 

it 

B and D 

1 

1 701)11 

500 20 

1 60 

tt 

B and E 

1487 03 

491 83 

3 02 

Sigiuhcant 

C and D 

393 74 

360 43 

1 10 

1 

Not significant 

C and E 

1081 06 

347 68 

3 11 

Significant 

D and E 

687 92 

389 66 

1 77 

Not significant 
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The eosmophil percentages are again % ery constant Tlie percentage is 
in the oldest age group, but this mean is not signihcantly difiFerent from that of 
any of the other groups 

In the Arneth count (weighted mean) the three mam age groups sliou a 
procrressive increase \vith age The means of the youngest main age group and the 
two single year groups are ‘ significantly * different from the oldest group, but the 
differences between the means of groups C and D and groups D and E are not qmte 
‘ significant ’ 

Table II-i 


‘ Significance ’ table of data, in Table Ti Ar-neUi count 


Groups 

contrasted 

Difference 

betueen 

Staodanl error j 

mi—nia 

“signihcance 

means, | 

lUi-nj , 

of difference ' 

S E 

A and B 

0 08 

0 07 

1 14 

Not significant 

A and 1) 

0 09 

0 07 

1 20 

1 

t* 

A and F 

016 

006 

1 2 67 

Significant 

B and D 

0 17 

0 07 

2 43 

tf 

B and E 

0 2-1 

OOG 

j 400 


C and O 

0 10 

0 06 

1 1 67 

Not significant 

CandE 

0 17 

1 005 

3 40 

Significant 

D and E 

0 07 

j 0 06 

1 

Not significant 


This shift to the left of the Ameth count m younger subjects is well recognized 
and does not call for any special comment 

In the platelet count, the age group 20-24 shows by far the lowest mean count, 
but the standard deviations are so wide that the means are not ‘ significantlr ’ 
different from those of the group above or the group below 

The normality of the subjects examined — We next exammed the data to see if 
any of the individuals should be considered as abnormal We took the hsemoglobm 
first In 6 cases the hasmoglobm fell outside the range, mean ± 2 X standard 
deviation In these cases the hsemoglobm was 65, 66, 68, 70, 71 and 72 per cent 
and m no other instance was it less than 77, so that there was a clear hne between 
these 6 cases and the rest The case for excludmg these 6 subjects as aniemic 
therefore, seemed a strong one Examining the other data we found that the MCH 
-ms sunilarly ontside the range ± 2 standard deviation m 5 of these 6 subjects 
This was what one would expect, as the red cell coimts were not markedly reduced 
m any case, but m 4 out of 6 the MOV was also outside this range, and as this 
measurement is mdependent of the hmmoglobin, the observation provided additional 
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evidences that these subjects were abnormal The subject with a low hsmoglobm 
but an MOV and MCH within the above range had a reticulocyte count of 4 4 per 
cent and an erythrocyte-sedimentation rate (ESE) of 54 m one hour 

In a few other instances a single measurement, other than that of the hsemo- 
globin, of other individual subjects fell outside the normal range, but, as m these 
it was only tins one measurement, the exclusion of the individual concerned did 
not seem justified 

Having thus ensured the homogeneity of the material we re-calculated the 
mean and standard deviation for the whole 128 subjects The figures are given 
111 Table III — 


Table III 


Showing findings in luhole senes after excliman of 6 
‘ sub-normal ' subjects 



Number of 
subjects 

Jlean 

S D 

Hfflmoglobm percentage 

1 

128 

91 40 

± 7 31 

„ grammea 


or 12 68 

± 101 

Red corpuscles m thousands per 

0 mm 

128 

4014 88 

± 409 13 

Reticulocyte percentage 

122 

0 37 

±0 27 

Mean corpuscular volume 

128 

80 82 

± 7 28 

Mean corpuscular haemoglobm 

128 

27 42 

±2 89 

Mean corpuscular haamoglobm 
percentage 

1 

128 

31 67 

± 1 70 

Leucocytes per c mm 

128 

7101 77 

± 1704 04 

Eosmophils percentage 

123 

6 10 

±4 21 

Ameth count (weighted mean) 

108 

1 77 

± 0 26 

Platelets m thousands jier c mm 

97 

629 21 

± 426 82 


Discussion. 

There is not much matter for comment m Table III The 
percentage is a little lower than that of females of Bombay and Delhi and { 

lower than the British and American figures, further, the sex 
rently greater m Calcutta than elsewhere Our figure is nearly 20 per cen 
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a comparable figure for males m Calcutta, whereas the difference between the sexes 
accordmg to Price-Jones (1931) is only 6 2 per cent, Whitby and Britton (1939) 
12 2 per cent and Sokhey et al 15 5 per cent On the other hand, the hiemoglobin 
mean is markedly higher than that of the tea-garden coohes (Napier, 1940) The 
mean of the red cell counts is practically the same as that of all female populations 
The reticidocyte percentage ivas actually a little louer than we found in a similar 
series of men m Calcutta (Napier and Das Gupta, 1935) The corpuscular values 
ire of the same order as those found by us (Napier and Das Gupta, 193G) and by 
other observers in normal populations The wliite cell count comes a little higher 
than that of Calcutt i men, but lower than that of the tea-garden coolies Tiie 
eosinophd percentage is above the figure given in British and Amencan textbooks, 
but a httle lower than we have prenously found in Indian populations 

The mean of the platelet counts is exceptionally high , this seems to call for 
some comment The blood was taken directly from the finger and placed on a 
shde on which a thm film of orilliant cresyl-blue had been deposited {vide Napier 
and Das Gupta, 1940) and covered with a covershp The reticulocyte count is done 
at the same time By this method we have usually found higher platelet counts in 
normal individuals than the figures given m the textbooks 


Analtsis of other data 

Bihrubmwnna — This was estimated by the mdurect van den Bergh test we 
used prepared cobalt sulphate solutions m sealed tubes for comparison The results 
are shown m Table IV — 

Table TV 


Showing the result of the vtdirect lan den Bergh reaction in different 

age groups 


=*2, tv' 


Mn-LIOBAIIS OP BnjBUBDf PEB 100 o c 
BLOOD 


Less than 0 25 ' 0 25 to 0 50 
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There is no material difference between any of the age groups In no case did 
we find a strongly positive van den Bergh reaction and only 2 showed over 0 5 
iQg (= oiie umt) of bihrubin This is in sharp contrast to experience amongst 
tea-garden coohes where we found that 20 per cent of so-called normal individuals 
showed 0 5 mg or more, but it is in keeping with Mills and Mawson (1938) figures 
for normal individuals in Reading (England) , the latter found only 4 out of 85 
over 0 5 mg 

Fragility — The fragdity test with different strengths of sahne was earned out 
in 96 subjects Table V shows the findings There is a considerable degree of ' 
constancy in all the age groups , in the vast majority of subjects haemolysis 
commenced at 0 38 per cent NaCl and was complete at 0 30 per cent, which is 
about the usual finebng, though most textbooks give 0 42 for commencing 
haemolysis 


Table V 


Shmoing the 'percentage of saline in ivJnch hcemolysis occurred, i e the 

fragility test 


Age group 

Number of 

COMSIENCtNO nAlMOLYSIS 

Complete ha:mol\sis 

subjeote 

Mean 

S D 

Mean 

S D 

16 

19 

0 3811 

0 0200 

0 2916 

0 0193 

16 

1 

10 

0 3920 

0 0283 

0 3020 

0 0200 

14-19 

44 

1 

> 

0 3869 

0 0210 

0 2966 

0 0177 

20-24 

1 1 
1 

27 

1 

0 3748 

0 0302 

1 

1 

0 2986 

0 0293 

26-38 

26 

0 3712 

0 0239 

0 2928 

0 0382 


Erythrocyte- sedimentation rate (ESR) — This was done m 92 subjects , if 3 are 
excluded as bemg anaemic {v s ), the remainmg 89 showed a mean sedimentotiou 
of 29 62 ± 19 00 mm in one hour This is a high sedimentation rate The Grapn 
shows the distribution of these findings It will be seen that 10 subjects (or 1 per 
cent) had ESR above 50 mm , even after the anaemic subjects had been e^cludea 
It IS hard to beheve that such a high percentage of apparently healthy indivic ua 
were suffermg from concealed infections Menstrual periods were excluc e 
method adopted was the usual Westergren’s techmque The blood was co ec 
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separately m a flask m wluch the calculated amount of citrate had already been 
placed If the data are corrected for cell volume by the Hynes and Whitby (1938) 
graph*, they can be grouped as shown m Table Yl In 30 per cent of the subjects 
the ESR was moderately or markedly mcreased The youngest age group showed 
the lowest proportion of abnormal findmgs, but even in this group there were 27 
per cent moderately or markedlv mcreased , this is of course after correction has 
been made for cell volume 


Graph 
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Sedimentation rates 


Table VI 


Showing the distribution of the subjects according to their corrected 
erythrocyte-sedimentation rates (ESR) 


Age group 

2fonnal 

1 

Doubtful 

Shght 

Moderate 

ilarked 

Total 


Increase 


14-19 

13 

14 

6 

7 

1 

' 5 


20-24 

2 

2 ’ 

6 1 

8 

6 

23 

25-38 

4 

4 

5 

3 

6 

21 

All ages 

19 

20 

16 

1 

18 

16 

89 


. v Kr*pti vas not based on Westergren’g technique, for which no cnmrfinn 

to be avanablfi. but it can be adopted as a rough means of “PP^ars 

A. MB 


9 
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We correlated these findings with the degree of anaemia (Table VII) , it will 
be seen that there is a clear correlation between low haemoglobm and 'a high 
ESR This would of course be much more marked before the correction for cell 
volume had been made 


Table VII 


Showing the correlation between ESR and hcemoglobin 

‘percentage 


ESR 

• 

All subjects 

Above the mean 
hmmoglobm 

Below the mean 
j hiemoglobm 

Normal 

19 

9 

1 

10 

Doubtful 

20 

11 1 

9 

Shght mcrcaae 

16 

9 I 

i 

7 

Jloderate „ 

18 

! 

7 

11 

Marked „ 

16 

4 

12 


This does not in our opimon indicate that aU these women had some unrecog- 
nized infection though some of them probably had, but rather that the standards 
for the ESR reqmre revision for apphcation to Indian women Sufficient emphasis 
has not been laid on the effect of temperature Wmtrobe and Landsberg (1935) 
have shown that temperature markedly affects ESR In a table they show that 
as the temperature mcreases from 72°E to 90°F the ESR increases by 7 mm Our 
laboratory temperature is often much above the latter figure and these evamina- 
tions were all earned out in hot weather This wfil therefore further help to 
explam the high readmgs * 


* The hi^h erjrthrooyte sedimentation rates have been questioned by a colleague The blood 
was collected m a flask and well mixed before bemg placed m the sedimentation tub^, but there wm 
some delay, an hour or so, between the time that the blood was taken and the time it was put up mto 
the sedimentation rack We do not behove that this is a very important factor However, 
wntmg this paper we have tested the effect of temperature on the readings and find that m the 0° t 
incubator the sedimentation is often 10 mm to 16 mm greater than m the cool room, 76°F to 7o i 
Our summer temperature, when these tests were made, is often above the former figure and ow 
wmter temperature below the latter We also tested the effect of delay in carrymg out tno 
sedimentation test at a high temperature With one half of the sample we did the sectoenta 
tion teat at 98°!? , the other half was kept in the some moubator for 2 hours, thoroughly m 

shaken, and then placed m the sedimentation tubes and kept at 98°^ for an hour ^ " 

cases, in which the sedimentation rate varied between 7 mm and 119 mm , the mean of 6 

first senes was 46 and that of the second 63 

Allowance should be made for both the temperature and the delay factors, if the 
are to be comparable with other normal findin gs, hut it must be remembered that these are o 

circumstances under ■nhich the test is frequently made m India Even if a full 
made for these factors the range of the sedimentation rates we are reportmg is much big 6 
than that given in the textbooks 

Our results are given for what they are worth At least they convey one lesson, namely, that 
a high ESR in a woman m Calcutta should not per se be taken too seriously 
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Wassenmnn reaction — ^This teat was done on 124 subjects The mcidence of 
positive fiudiugs was about that usually found m the general population m India, 
namely 12 1 per cent Table WII shows the findings m different age groups 
The difference between groups is not ‘ significant ’ 

Table Vm 


Showing the Wassermann reaction in subjects tn 
different age groups 


Age group 

Negative j 

Doubtful 

[ Positive 

I Total 

14-19 

1 

42 

14 

7 

63 

20-24 

23 

, 

5 

32 

25-38 

21 

1 5 

3 

20 

All ages 

86 

23 

lo 1 

124 


Social, religious and racial differences married or single — Only 12 women 
were mamed and of these 7 were m the oldest age group , the means of their hiemo- 
globm percentages was 87 71 This is less than the mean of the age group, but 
the difference is not significant as the number is so small 

Religious groups — Only Hindus and Indian Christians have any considerable 
representation. The haemoglobm data are shown in Table IX , though in all three 
groups the Christians have the highest haemoglobm, the oldest age group shows 
the most marked difference but this difference is not significant 


Table IX 


Showing the mean hcemoglobin in different age groups 
according to religion 


Age group 


lA-19 

20-24 


! 

Rebgion 

\ 

Number i 
of I 

subjects ] 

1 ileau hiemoglobm 

1 

( 

Hindu 

31 

89 08 

1 

Christian 

31 

' 90 10 


Hindu 

16 

1 89 53 

1 


Christian 

17 

1 

91 82 

i 

Hindu 

1 14 

j 

1 87 50 ± 11 82 

1 

Christian 


92 00 ± 7 11 


( 


25-38 



390 


Haimatological Studies in Indians 


“eloo sStfs '™*4‘ 

women Tlw '=“P“™™ worthwhile However, the mean for the BenS 

men of this age group is strikingly low and is ‘ significantly ' lower than L 


Table X 


Showing the mean hamioglobm in different age groups 
according to whether they originated in 
Bengal or not 


Ago group 


Pro\ nice 

Number 

of 

subjects 

Mean 

14-19 


Bougal 

69 

1 89 73 

20-24 ■ 


Bengal 

28 

90 76 

1 


Other provinces 

6 

92 17 

25-38 

f 

Bengal 

11 

84 73 ±1109 



Other provinces 


93 60 ±7 30 


mean of the subjects of all the other provmces grouped together ( 

Km racial difference in the composition of the age groups makes comparison 
e ween em o value As far as heemoglobm was concerned, it vriU be 

^mem ere a ere was no significant difference between any two groups 
1 , 6nga subjects only are taken the difference is still not ‘ significant ’ 
This observation emphasmes two facts one that from the age of about 15 women 
s ow no apprecia le increase in heemoglobm and, secondly, that women in Bengal 
s ow a eemoglobm level, not only lower than women in Europe and 

America but also lower than women in other provmces m India From the Bengal 
° view, ere ore, the mean hmmoglobin of aU subjects in this investigation 
has been raised by the mclusion of women from other provmces 

Diet The data collected regardmg diet was too vague to be of any value 


Summary 

1 Hsematological exammations were carried out m 134 apparently normal 
women in Calcutta Hmmoglobm, total red cells, reticulocytes, corpuscular 
va ues, o a w ite cells, eosinophils, the Arneth coimt, platelets, van den Bergh 
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reaction, fragility of the red cells, erythrocyte-sedimentation rate and Wassermann 
reaction were the eiarmnations carried out 

2 Sus; subjects were disqualified as bemg anoemic , in the remaimng 128 
subjects the mean and standard deviation of the findings is given in a tabular 
form 

3 Analysis accordmg to the age of the subjects suggests that there is little 
change m the blood findings m women after the age of 15, except that the 
leucocyte count shows a progressive decrease and the Arneth count weighted mean 
a progressive increase with age The Bengalee women show a ‘ significantly ’ 
lower haemoglobin than other Indian women mcluded m this mqmry 

4 The range of the erythrocyte-sedimentation rate is much higher than 
the figures given in the hterature mdicate is the normal for women 
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The knowledge available on human infective larv© is of very recent ongin 
Abe (1937) reported on the general behaviour of the mature larvae and Menon 
and Iyer (1936) reported on the viabihty of the larvae and the possibihty of 
vater infectioiu Abe (1938) has shown that larval penetration of intact skm 
IS not possible under experimental conditions and Yokagawa (1939) studying 
the mode of infection thought that successful transmission of the larvffl by the 
mosqmto was a matter of chance and that water was unlikely to play any part 
m the transmission of the disease The mechanisms of larv^ escape from the 
labium, successful larval entry mto the tissues of the host as well as the possibihty 
of mdirect transmission through water were therefore studied as further stages m 
the problem of transmission 

Matekial 

Infective larvae were obtained by artificially infectmg laboratory-bred 
mosquitoes The mosqmtoes were released after a httle starvation at night inside 
the mosqmto nets of patients who were proved microfilanal camera They were 
collected m the morning after feedmg The mosqmtoes were lethargic after a feed 
and so collection was easy They were kept in mosqmto ‘ hotels ’ throughout the 

( 393 ) 
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period of full larval development of 12 to 20 days, the period varying with season, 
The method of mtroducing the patient’s hand into a small net was not successful, 
for, unlike the anopheles and the tedes which are much bolder m then feeding 
habits, Culex faligans is very timid and is scared away by the shghtest movement, 
never biting at all m the day Methods m which the mosqmtoes were enclosed 
in a beaker with the mouth closed ■with a net and apphed dnectly to the slnn 
of the patient as practised in malarial research work were not encouraging for 
obtaimng feeds Patients with a very hea'vy microfilarial rate were found 
unsmtable since a good percentage of the fed mosquitoes died m the first few 
days due to the severity of infection 


Experiments and results 


1 Movements of the tarvce xn the mosquxto — The movements of the fully mature 
larvae were studied by placing the mosqmto, stunned by concussion and divested of 
•wings and legs, on a glass-shde Observation of the abdomen and proboscis was 
carried out through powerful transmitted hght In most cases larval movements 
could be well defined in the insect by this method In cases where the labium was 
not transparent the inside stylets were very carefully separated from the labium 
for clearer observation The larvae exhibited worm-hke translatory movements 
whether they were m the abdomen or m the proboscis When the proboscis was 
brought in contact either with a cold or hot flmd the larvae migrated back mto the 
head and neck Even normal sahne at room temperature when m contact "with the 
proboscis for any length of time made the larvee migrate inside This imgration 
consisted in a simple backward movement of the larvae -without change of direction 
of the head-end mside the labium Larvae separated m sahne showed only 
wrigghng movements without active change m position 

2 The possibility of larval escape into watei — This was next explored 'With 
reference to h-ving and dead mosquitoes at laboratory temperature ThefoUowmg 
methods were employed — 

(a) Water in a watch-glass was placed m each of the cages containmg a 
batch of infected mosqmtoes -with fully developed larvae All other 
sources of food and water were pre-viously removed The water m 
the watch-glasses was examined for free larvae at mtervals The 
results were all negative * 


(b) Mosqmtoes sho-wmg ‘ proboscis ’ forms of the fully developed larvae were 

stunned carefully and were placed m water m watch-glasses to observe 
if any larvae escaped from dead mosqmtoes fallen m water Prc^de 
the body was mtact no larvae could be seen escapmg out All the 
larvae died after a short mterval of the death of the mosqmto Bu 
even a mmute breach m the body of the mosqmto, as would result 
from a leg pulled out, afilorded a way out for the larvae 

(c) Water mto which mosqmtoes containmg infective forms fell and died 

was examined for free larvae The results of repeated observations 
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were negative and always dead larvte could be recovered from 
vanous parts of the dead insects and no free larvie were ever seen 

outside 

These experunents showed atnkingly the difficulty of larval escape from the 
intermediate host, either diirmg drinking or after death of the host 

3 The stimulus for larial migration out of the proboscis — Cold, warm and hot 
sahne, water, irntant flmds. flmd with the composition of human sweat, freshly 
drtlwn blood mechamcal bendmg of the labial sheath on the stylets as in the natural 
bitmo- process were all studied with reference to hvmg and stunned as weU as 
recently dead mosquitoes The method followed was to kill a mosqmto with visible 
larvffl m its proboscis and to place it on a glass-shde under the microscope 
watching the effect of the various stmiuh placed m contact with the mtact proboscis 
Warmth, rrntants such as 1 m 1,000 dilution of alcohol and acetic acid, and the 
mechamcal efiect of bendmg the labium with a needle, all these caused visible 
mcrease m the larval activity inside the labium If the flmd was too warm the larvce 
either died m situ or migrated back into head and body regions With moderate 
warmth (35°C to 37°C ) the larva) became very active and it could be seen that 
they repeatedly moved to the very tip of the proboscis m an attempt to rupture 
the membrane and escape out mto the warm flmd outside But no actual escape 
could be demonstrated These experiments suggested that warmth was a defimte 
factor m the larval escape It caused mcreased activity 

Table I 


Shoioing the effect of stimuli on the infective larvce m the labium of 
the recently hilled mosquitoes 


Number 

) 

^ Stimulus 

Effect 

1 

Normal saline at 29'’C 

1 

1 

After a few mmutea of contact larv® migrated 
back mto body 

2 

‘ .. „ at 36°C 

1 

Larvte activated , the wavy curves change more 
frequently , repeated attacks on tip, but no 
escape 

3 

„ at 40°C 

Larvte intensely active at firet, some migrated 
back mto body , others soon lost activity 

4 

Water (tap) at 29=0 , and 

Behaviour same os with sahne 

5 

, Alcohol (1 m 1,000) 

More active for a tune 

6 

Acetic acid (1 in 1,000) 

** it ft if 

7 

^ Blood (human), freshly drawn 

More active at first, later sluggish 

S 

Fluid With composition of sweat 

Behaviour as with sahne 

9 

[ Mechamcal pressure 

Activity increased 
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The effect of warm blood and saline was especially studied when placed in con- 
tact with the proboscis of a living and stunned infected mosqmto in some cases 
the labium was pushed up on the stylets and kept bent a httle m its proximal half 
with vasehne to imitate the natural position durmg bitmg when the stylets go down 
the skin This experiment was repeatedly carried out with sahne at 37°C , fresh 
human blood and rabbit’s blood Positive results were obtamed on a few occasions 
On all these occasions the mosquito was actively suckmg up warm sahne or blood 
placed on its proboscis with a bent labium By the tune a httle distension could 
be seen in its abdomen due to the feed, it was observed that the larvm escaped out 
mto the fluid around the proboscis Without this active suckmg of warm fluid 
on the part of the mosqmto the larval escape did not occur On all these occasions, 
great care was taken not to injure the labium since, otherwise, the larviB 
escaped out easily even mto water at room temperature From these experiments, 
bending of the labium and flow of warm fluid through stylets mto the mosqmto 
appeared to be the necessary stimuh for larval escape These conditions are 
therefore an imitation of the natural processes It was noteworthy that the 
larvae appeared to escape on all these occasions through the extreme tip of the 
labella (Plate XI, fig 3) 

4 Behaviour of the infective larvw outside the mosquito — The larvae, once 
they escaped into a flmd medium, lost their translatory movement and exhibited 
wrigghng, coihng and uncoilmg movements They were heavier than water or 
normal sahne and so sank soon after escape to the bottom of the container In 
media such as blood partly clotted they regained their origmal migratory worm- 
like movements and travelled m all directions 


The larvae did not show any special taxis effect to hght or darkness, touch, 
pressure, shght variations of temperature or to the presence of lymph m the 
neighbourhood 

6 Size, morphology and staining — The larvae when fully mature were of 
two varieties, the one slender and long, very active and well developed, and the 
other thicker, shorter, less active and hermatmg m water (Plate XI, fig 1) The 
latter probably represented maldevelopmental forms The former were the typical 
infective larvae and measured about l,800/22;x, m the fresh state The active and 
blunt end was made out to be the anterior one, while the posterior end was less 
active and distmguished by the presence of three well-formed papillary masses 
at the extreme tip (Plate XI, fig 2) The larvae possessed a simple thm-walled 
ahmentary canal r unnin g through the whole length ofi the body The 
was relatively thick and the cuticle well developed and transversely striated Ih® 
protoplasm was seim-transparent m the hvmg state They could be stamed y 
haematoxyhn as well as carmalum when fixed, but all that could be made out was 
a granular structure of the thick body-wall, the inner structure remaming obscure 
On the whole, staimng was indefinite In the hvmg specimen the intestmal cana 
was thicker m its anterior third, abruptly narrowmg at the middle thud to ^ 
thin tube extendmg along the whole length When ahve the whole gut could e 
made out movmg from side to side inside the transparent body-wall Sex was 
indistinguishable 
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6 Viability and groiith m vitro — The viability of the larval depended mainly 
on whether the medium was sealed or kept exposed to the air The nature of the 
medium used for preservation and the temperature influenced this to a lesser extent 
Whatever the medium was, whether nutritive or otherwise, the period of viabihty 
was short m open surroundmgs such as m a watch-glass But when the larvae 
were enclosed m a chamber nnged round with vaseUne and kept aseptically, 
viabihty was prolonged Sepsis as m the case of tmcrofilana was fatal Under 
aseptic conditions the larvae could be kept ahve for more than a week m human 
blood if the blood was daily renewed Lower temperature certainly prolonged 
viabihty chiefly by retardmg bacterial growth The average viabihty in open 
surroundmgs was from 6 to 2't hours 

Though the larvae survived for about a week m blood as well as m yolk of egg 
and were fairly active m both the media, no defimte growth could be observed 
Thyroid gland extract m great dilutions was employed with some media to stimulate 
growth But the result was mdefimte It was common to observe granular 
degeneration m many specimens after a few days 


Table II 

Showing the behaviour of the larvce %n various media in sealed 

chambers 


Number 

iledium 

1 Temperature 
m degrees, C 

Sumval 

pcnod. 

Growth 

1 

Saline 85 per cent 

29 

12-24 hours 

Nil 

2 

Blood (human) 

20 

4-8 days 


3 

Blood (rabbit’s) 

29 

2-3 „ 


4 

Yolk of egg 

29 

4-8 


6 

Wlute of egg 

29 

24—18 hours 


6 

Hartley’s broth 

29 

24r48 „ 




37 

24 


7 

Hydrocele flmd 

29 

24-48 „ 


8 

Rmger Locke fluid 

29 

30 


9 

Glucose broth 

29 

24 


10 

Cooked meat medium ' 

1 

29 

24^8 


11 

Sterile milV 

10 

24 


12 

Euphorbia mflk 

29 

24 


13 

Mosquito muscle tissue 

29 

1 

24 
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Table III 


Showing results of experiments until intact shin 


Number 

Animal 

Site 

Duration of 
experiment, 
minutes 

Results 

1 

Rabbit 

Skin of car 

&-20 


2 

Gumea-pij; 

Skm of thigh 

5-20 


3 

Mouse 

Skin of abdomen 

5-20 

Failed to peuetrute and all 
f were recovered dead 

4 

Man 

Skm of dorsum of 
fingers and forearm 

5-20 

1 


It was decided therefore to study larval penetration on a broken surface of 
skin In the initial experiments fine punctures were made on the skm with a sharp 
nnedle and the active larvae were directly deposited on the pimctured spot All 
the ammals m the series were employed one after another and the effect watched 
by direct observation through the microscope The larvae failed to make their 
way mto tissues even through the artificial operungs though serum was oozmg out 
Durmg their movements they came directly over the punctures, but did not show 
any attempt to enter the tissues by their own movements It appeared that serum 
had no special taxis on the larvae, though like fresh blood it made the larvae more 
active The experiments were repeated with small cuts m the skm made with a 
sharp blade and larval movements were studied under the nucroscope The results 
were agam negative However, when the larvae were either dropped directly 
mto the breach or were mampulated with a needle mto the moist broken tissues 
they continued to hve and be active It was possible to observe their movements 
m the depth of the cut by traction on the two edges of the wound Only when 
such exact localization was possible and there was no chance of drymg, they 
migrated actively mto the tissues of the breach and were lost to sight after varying 
intervals It was also noted that they exhibited regular crawhng movements on 
the moist tissues No attempt could be observed suggestmg a tendency to enter 
blood vessels but it was not possible to say whether lymph spaces were selected 
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0. ftes. « 

power oi active penetration ^ ’ into the tissues under experimental 

reqtured to be deposited or oould be recovered dead in the washings 

conditions The fact that ^ conformity with the residts of 

of the skm aro^ to low that larval deposition by the mosqmto on 

these experim ^ infection an actual ‘ moculation of 

the skm IS more of an acc dent and that for imec^^ necessary The nearest 

the larvffl be obtomed when the labium with infective 

'^Tgr'taS^^^ad ^ny toppeared mto tha out «M6 other, stayed out and 
died on the relatively dry edges 


Table IV 

Showing the conditions for ‘ taUng ' the infeclioii 


Number 

Nature of breacb. 

1 1 
Procedure 

Result 

1 1 

Punctures with a needle 

1 

Fire larv® in saline 
dropped over 

All larvm died u ith drying , 
all recovered dead m 
M ashings 

2 

j Small cuta 

' Five larv® depositcfd 
j over the spot 

With drjung of the part all 
the larv® recovered dead 
in washings 

3 

tt if 

Ten larvm ' inoculated ’ 
or manipulated into 
cuts 

Larv® nhve , after an hour 
migrated out of vieu 


Disodssion 

A study of the results of these experiments suggests that the mechanism of 
transnussioa appears to be a complex process It can be said to consist of two 
components, the first bemg the provision of a stimulus for the larvsa to penetrate 
the proboscis and the second a direct ‘ moculation ’ of free larvae mto the puncture 
of the bite The stimulus for the larval escape might be said to be active sucking 
of icarni flmd or blood by the insect This escape is also greatly aided by pressure 
changes m the labium caused by the bending of the part and the general nse of 
mtra-coelomic pressure duo to the feed itself These could be studied separately 
and seen to cause increased larval activity as mdividual factors Experimentally 
larval escape appeared to take place through the extreme pomted end of the labella 
Durmg a blood feed once the tip of the proboscis was punctured, the larvie would 
find themselves directly m the puncture around the stylets m a small pool of warm 
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blood It IS possible to visualize a larval descent right into the puncture depth 
alongside the withdrawing stylets But it is also equally certam that some lan^a 
stray out and find themselves on the relatively dry margins of the puncture These 
seem destined to die with drymg of the part as they can be recovered in washings 
of these bitten areas Therefore under natural conditions msect transmission of 
filariasis appears not to result m a 100 per cent ‘ take ’ In the transmission of 
malaria ivith a direct injection through the stylets the chances of a positive ‘ take ’ 
are certainly much greater than m the haphazard larval escape into the puncture 
from a filariated mosqmto Yokagawa (loc cit ) also has suggested that filanal 
infection is a matter of chance It is interesting to note that m the hterature on 
filariasis it is generally taken for granted that the infective larvsBj deposited on the 
skin by the mosqmto, actively penetrate and enter the skm rather than seek for 
and enter the puncture left by the bite This was suggested by TuUeborn (1909) 
based on an analogy from the transmission of canme filariasis Eecently, Abe 
(1938) has disputed this view with regard to the mtact skin The experimental 
evidence in the present study shows further that the larvae are mcapable of 
penetration even through an abraded skm from then own migratory movements 
They require to be actually deposited m the moist tissues for survival and 
migration 

To account for certain anomahes m distribution and symptomatology of the 
disease the probabihty of other modes of infection were put forward Water 
transmission has been put forward as an additional operative factor Our findmgs 
did not support these views The larvae were not observed to escape into water 
either when the mosquito drank or died m water at laboratory temperature 
Larvse separated artificially into water sank to the bottom and died m a short 
time or were an easy prey to mosqmto larvae and cyclops which destroyed them 
Under experimental conditions viabihty outside the mosqmto was only for a very 
short time (6 to 24 hours) m open surroundings Fmther, the larvae were mcapable 
of affectmg an entry through abrasions m the skin unless they are carefully 
deposited in the breach or ‘ moculated ’ Obviously these are not conditions that 
could obtam m nature for the transmission of a disease, a matter of chance even 
alter the bite of the insect vector 

As the experimental work relates solely to W bamrofti the possibihty of 
water transmission with other species has yet to be studied But with regard to 
bancroftian filariasis the present study tends to imphcate the mosquito as the sole 
vector and the mosqmto bite the only mode of infection 


Summary 

1 Warm flmd at about 36°C around the proboscis causes increased activity 
of the larvae in the proboscis and active attempts at escape 

2 Actual larval escape from the proboscis occurs only under conditions 
similar to those obtained diirmg the act of bitmg, i e the labium, pushed 

the stylets, is bent in its proximal half and warm flmd at about 36 C is sue e 
up through the stylets 
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3 Viability of infectne larvte is best m humau blood and yolk of egg when 
kept in sealed chambers without exposure to aur and free from sepsis The 
maximum survival penod obtained experimentally was more than a week, but no 
visible growth took place dunng this period 

4 Active infective larvae under experimental conditions do not penetrate 
unbroken skin, but migrate through the tissues only when deposited on the most 
tissues m a breach m the skin and do not appear to have any taxis when deposited 
in the neighbourhood or over a breach of skin surface 

5 The experiments do not lend any support to the view that 17 bancrofU 
can get into the human tissues from water through abrasions m the skin 
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distribution op f cholera and el tor type 

STRAINS IN CERTAIN RURAL AREAS IN INDIA 

BY 

w D B READ, 


AND 

S R PANDIT 

{Bengal Cholera Field Inquiry under the Indian Research Fund Association ) 
(All-India Institute of Hygiene £ Public Health, Calcutta ) 

[Received for pabUcution, February 22, 1941 ] 

This communication presents tlie results of an investigation into tlie distri- 
bution of the agglutmable* vibno throughout the course of one year, 193940, 
in the general population and water sources of a rural area in one of the ‘ endemic ’ 
cholera districts of the delta of Bengal The results of investigations into the water 
sources of certam other areas m India are controls for some of the findings m the 
water sources of the Bengal area and are also included 

Samples were collected by framed Bengah medical men with considerable 
bacteriological experience 

Results have had to be assessed in spite of many gaps and omissions Each 
sample was submitted to a standardized techmque and the results may be taken 
to mdicate the facts as brought out by the method used 


Areas exaaiined 


(1) Bengal— pohee station areas, 100 miles south-east of Calcutta, m 
the district of K h ul na , 40 and 56 mdes from the sea coast, were selected. The 
country under survey was 295 square miles and the population almost 200,000 
The nver system was tidal and the whole country was intersected by innumerable 


• O ^ througbont to designate a strain agglutmable with i 

scrum of 0 group I (Gardner and Venhatraman, 1935) mcludi^ sub-types l^ba and Ogawa^ 

^ ( 403 ) 1 
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water cliannels, communication being largely by field paths and boat In the 
northern half of the area there were earth roads and a light railway, while the 
number of water channels was also reduced The water-supphes, except m the 
one mumcipal town of the area, which was excluded from the investigation, were 
from rivers and tanks, whieh especially in the southern part of the area were usually 
in communication by ditches and khals with the mam river and were subjected to 
an automatic flushing action with the rise and fall of the tide In the rainy 
season the country was liable to inundation and the flow of water in the mam 
river w'as tow'ards the sea at all states of the tide 


The population consisted chiefly of field labourers or fishermen , while chiefly 
Mohammedan, Hindu villages also occurred It was largely non-migratory 

The areas were selected on the basis of the following points — 

(а) High general incidence of cholera in the previous 6 years 

(б) A constant seasonal variation in the occurrence of cholera m the area, 

' 1 e cessation or reduction in the rainy season (This is typical of a 

' large part of Bengal ) 

(c) Local reports as to the ‘ sakmty ’ of the water 
(cZ) Non-migratory habits of the population 
(fl) Available water sources not under supervision 


(2) Bihar — ^This station was selected as representative of an epidemic area, 
in which severe cholera is an annual occurrence and in which the period of maximum 
incidence as opposed to that of Bengal is during the monsoon season The area 
was heavdy watered by the Ganges and its tnbutaries and being situated high up 
from the mouth of the river was not affected by tidal influences Moreover, the 
usual water-supply was from shallow wells 


(3) Sind — ^This station was selected in a part of a provmce which for the last 
10 years has been very largely free of cholera In the area selected there had 
been no cases for over 10 years Water-supplies were from tanks, wells, lakes, 
marshes, streams and nvers The tanks were filled yearly by the rise of the Indus 
in flood and were then shut off from the nver connections for the rest of the year 
The winter chmate was rmld and the station being adjacent to the Indus delta some 
of the water-supphes were brackish The water-flow in the jhils and streams was 
very sluggish in the non-ramy season 


Technique 

Stools — These were passed in the early mornmg by selected individuals in^ 
marked earthenware pots with hds, and were collected often within a few mmu 
and always within 2 hours A sample was removed with a bamboo stic m 
50 c c of 2 per cent common sea-salt solution in a wide-mouthed glass-stoppere 
bottle, so as to obtain a thick emulsion In many of the samples collected, o 
drops of N /I NaOH were added to the sahne before collection, owmg to the aci ^ 
found m the average stool Media bottles were moculated with the stool suspensi 
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m the local laboratory usuaUy ^vithin 2 hours The technique recommended 
by Eead (1939) "was followed except that the hq bismuthi was reduced to 0 04 c c 
The bottles were then despatched to the headquarters laboratory at Khulna and 
were ready for plating 24 hours later The mannose solution used was manufac- 
tured m the laboratory from ivory-nut-shavings obtained from America, according 
to the method of Bose (1939) and Narayanan (1941) Allowances m the media 
formula had to be made owing to the reduced concentration of mannose obtained 
in the rough extracts (4 per cent to 6 per cent) The ingredients used for test were 
checked by weekly isolations from artificially inoculated stools 

j)E of stools —This was estimated by a rough method similar to that recommen- 
ded by Read (Zoc cii ) for adjusting the pH of media to 9 2, bromo-cresol-purple 
m 96 per cent alcohol (0 04 per cent) and 0 02 per cent phenol red bemg substituted 
for thymol blue 1 5 c c of a stool emulsion whose opacity did not appreciably 
interfere with the colour reaction was used in small test-tubes and to this 6 drops 
of indicator were added A httle experience enabled correct recogmtion of the 
various colours mdicative of different pHs, but the results obtained were of course 
approximate 

Waters — 1,500 c c of water from each source were collected in sterilized whisky 
bottles To 1,000 cx was added by means of a scoop, common bazaar sea-salt so 
that the salt concentration was about 1 per cent and sufBcient alkah to raise the 
pH to 9 2 This was then filtered through Kieselguhr impregnated filter-papers 
by the method recommended by Read {loc cil ), the water bemg poured through 
funnels by hand In the Bihar and Smd investigations an improved method 
consisting of the use of funnel covers and automatic levelhng apparatus similar to 
that described for ’phage filtration by Pandit (1934) was used (vide Sketch) After 
filtration, the filter-papers were folded m small packets with due regard to asepsis 
and covered consecutively with (a) cellophane, (b) vasehne paper, (c) cellophane 
and (d) ordmary brown paper The cellophane and paper used were sterilized by 
autoclaving The paper was dipped mto sterilized vasehne, allowed to cool and 
excess of vasehne removed The packet was then ready for despatch to the central 
laboratory for moculation mto the bismuth sulphite medium The mgredients used 
for test were checked by weekly isolations from artificially inoculated water 

Blood — Sera for agglutination were separated in the field and sent mto the 
mam station m glass ampoules Tests were put up m round-bottomed tubes 
against formobzed and boiled suspensions of Inaba and Ogawa type vibrios 
(TMCH 1,800/1 and PIS 653) Readmgs were taken after the tubes had remained 
2 hours m the mcubator and a further 22 hours at room temperature Trace 
readmgs were neglected 

Hwmolysis — Strains were tested by the method recommended by Greig (1914) 
except that the Douglas broth (Douglas, 1914) mth 0 85 per cent NaCl was utilized 
tor growmg the organisms * 


certam of these strains, isolated m the first half of tho year, the test bv the above 
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SKETCH SHOWING THE IMPROVED METHOD 
OF FILTRATION 



Isolations op non-h^molytio aqgltjtinable vibbios. 

Stools ^Table I gives results of isolations from different sources 

Of the four cases from the + areas, not proved positive, three ivere examined 
first on the 7th, 16th and 17th day after the onset of the disease, respectively One 
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C 11 S 6 vibno proved liieuiolytic Tius bore fcbe same Dtiniber as a MOii-b<cmolytic 
water strain that was isolated m the same week from the same area It seems 
that confusion uas very hkely but there is no direct evidence for this Of the 
Cl contact stools all except one that were found positive occurred in three 
areas where the percentage of vibrios found in the population examined 
was 7, 10 and 19 per cent There was a total failure to isolate Y cholera} 


Table I 


Isolation of wn-hamolytic agglutimble vibrios from stool sources 
in Bengal stations 



Xumber of 
sources 
examined. 

Inaba 
sub typo 

Ogawa 
sub type 

xc 

3,00d 

0 

0 

Case (t- areas) 

A! 

0 

•19 

11 

316 

9 

1 

13 

c. 

376 

1 

0 

Case (— areas) 

12 

0 

0 

c. 

140 

0 

0 

c. 

' 216 

1 

0 

0 


Abbre\Tations used — 

>.C— Specuuena collected m the absence of adjacent chmcal 
cholera 

C,— Specimens collected from, individuals or water sources in 
a Tillage m which cases of cholera were occurring or had 
recently occurred 

C, — Specimens collected from mdividuals and water sources 
of the same family or house with cases of cholera or 
otherwise closely connected. 

Cases— Thobo exhibifing symptoms of cholera or diarrhoea 
-r ateas-Thosa areas m which the non haimolytic vibno was 
actually isolated 

- areas— Those areas m which there was no such isolation. 

* One of Tibnos was found haemolytic but m this connecUon 


from the stools of mdividuals not m contact with cholera 
tion see Table H giving the pH found m normal stools 
able v^tion found m the two field stations m the Bengal 

iSebId given separately In one sta^n 

tb ^ P® of 6 0 or less and over 50 per cent had a 

statmn M per cent of the stools had a pH of 
a a pH of 6 6 or less The significance of these 


iu WHS latter cona 
As there was considi 
area, the results fic 
about 20 per cent 
pH of 6 6 or less 
6 0 or less while 85 j 
findings IS at piese 
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under investigation It will be noted that the addition of 3 to 4 drops of alkab 
to the saline brought the pH of nearly all stools to the level of 6 8 or over 

Table II 


Approximate pH of stools collected from the Beiigal stations 
in 2 per cent saline 


1 

pH of atoold — 

H 

H 

60 

68 

00 

02 

04 

66 

68 

and 

over 

North elation 

— 








j 


Collected in neutral ) 
sahne j 

' Numbers 
[ found 

6 

12 

15 

30 ; 

1 

58 

40 

69 

70 

294 

Collected in neutral ’ 
salino uith i 
drops N/1 NaOH 
to 50 c c stool 
emulsion 

„ 

j 





1 

3 

j 

14 

7 

770 

1 

South station 

— 





1 



1 

1 


Collected m neutral ) 
saline ) 

Numbers 

found 


10 

1 14 

' 12 

1 

7 

20 

9 

7 

1 

IS 

Collected in neutral i 
saline with 3 to 4 | 
drops N/1 NaOH 
to 60 c c of stool 
emulsion 


! 

6 

3 


1 

1 


i 

184 


Waters — ^Table III gives the incidence of non-hsemolytic \abrios found in 
* waters — 


Table III 


Incidence of non-hcemolytic mbnos found in ivateis in epidemic areas 

in Bengal stations 


Cl (+ areas) 


Cl {— areas) 


Number of 
sources examined 


85 

170 

31 

117 


Number of sources positive 


Inaba sub tji)® 


7 

0 

0 

0 


Ogawa sub pe 

7 

J 

0 

0 
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In addition to vibnoa enumerated m Table III, non-baamolytic vibri^ were 
isolated from trso sources not m contact with cholera Of these, however, there is 
a possibdity that one was confused with a htemolytic case vibno as noted above 

The non-hffiinolytic vibrios were therefore with one exception confined to areas 
in immediate contact with cholera cases 

Water specmiens numbermg 3,042 from 1,442 sources were examined in Bengal 
in the course of the year 

From the Bihar station from cholera free villages in a cholera infected area 
dunng the epidemic season, 515 specimens from 397 sources proved negative for 
V c/ioferro 

From the Smd station 528 specimens from 205 sources from villages that had 
been free of cholera for over 10 years proved negative for F cMeroe Examinations 
were earned out m November and December 1940 


Evidence fob the persistence of the non-h^olytic vebbio 


Ten uon-fatal cases of chmeal cholera were followed up Of these three were 
found positive on the 8th, 9th and 13th day from the onset of the disease, while the 
remainder were not found positive after the 6th day One case was proved vibiio- 
ftee in 3 days 

Sixteen contacts that were shown positive were followed up Of these only 
four remamed positive after 6 days from the date of onset of the last case of chiucal 
cholera occurring lu the family 

Seventeen positive water sources were also followed np Of these mne were 
shown to be positive after 5 days from the onset of the last connected case found 
positive 


The longest penod of survival found in cases was 13 days, m contacts 
9 days and m waters 16 days The above particulars are given with the 
proviso that a continuous senes of isolations was not possible in the case of all the 
sources exammed At the same time m nearly every case a senes of negative 
specimens taken at intervals confirmed the statements given On the results 
obtamed it seems that examination of mdividuals who have not proved positive 
dunng the first 5 days after the onset of the last connected case is unlikely to 
detect earners In no case was there any evidence of water infection preceding an 
outbreak though provision for the collection of adequate data on this point could 
not he made The usefulness of the figures given for persistence m the stools of 
contacts and m water depend on the assumption that the most obvious source of 
infection was the actual and that the water sources were imtially infected by cases 
and not vice versa Both contact and water sources may, however, have been 
imected from sources outside the cases immediately connected with them 

Subsequent to the epidemic year m which the above mvestigation was earned 

exammed from villages m which cholera had been 
present during the previous year and none of the samples showed 7 clolerce 
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Table IV gives the number of cliolera cases reported from each village Where 
epidemics of 11 and 12 cases are listed, these refer to a muon of villages 
where the population would be four to five times that of other villages 
The average village population may be taken as 300 It is worth while 
noting that in villages where there was bacteriological evidence of cholera except 
in two outbreaks, both consisting of a single imported moribund case, there was 
always evidence of at least one connected case Cases were by no means confined 
to one compound or family though in any one outbreak a defimte part of the 
village was usually alone infected, large areas in the same village remaining free 
In villages in which cases were icported and there was no bactenological evidence 
of cholera there was nothing definite to suggest a diagnosis of cholera on general 
grounds and the number of cases occurring never exceeded two 


Table IV 



Table V gives the duration of the outbreaks in each village This duration 
could not be related to the geographical distribution of the population, to the nuinber 
of cases, to the infection of water, or to any other factor In villages where there 
was no bactenological evidence of cholera, the duration of an outbreak exceeded one 
day in two instances only In the case where the epidemic lasted 6 days, there 
were two diarrhoeal cases only and where it lasted 3 days, while one repor 
case was fatal the second one was a diarrhoeal case only W^ile in several instances 
the outbreak was assignable to traceable causes, in the majority no evidence was 
obtamed of its origm This point was mvestigated with care 


Table V. 


Duration of outbreak in each milage 
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Isolations op the h^olytic agglottnable vibbio (El Tor type) 

It was not expected that vibnos of this type would be found in the course of 
this investigation as they had never been reported from Indian sources previously 
However the first ^^brlo was isolated within a fortnight of conimencmg work 

Bengal — ^Table VI gives the number of water sources eiamined month by 
month, the number which proved positive and the serological sub-types to which 
they belonged The findings m the two field stations are given separately Each 
source has been treated as a smgle source for a particular month but when examined 
in any followmg month it has been taken as a fresh source for that month 


Table VI 

Isolation of hannalytic agglulimble vibrios — inontlihj incidence 

BENGAL 



NORTH STATION 

1 bODTH STATIOJJ 

I 

Number of 
■water sources 
eimnuned 

SOBBCXS 

POSITIVE 

Number of 
water sources 
exanuned 

1 SoroCES POSITIVE 

1 

Inaba 
sub type 

Omwa 

suttype 

Inaba 
sub type 

Ogawa 
sub type 

June 1939 - 

1 

42 

, 0 

0 

60 

0 

0 

July 1930 

18 

i 

1 0 

1 

1 

103 


10 

August 1939 

81 

1 

1 ^ 

3 

56 

' 1 j 

11 

September 1939 

12 

t '' 

2 

110 

0 

5 

October 1939 i 

36 

0 

3 

96 

0 

3 

November 1939 

lOJ 

1 

' 0 

128 

0 

3 

December 1939 


0 

0 

157 

0 

2 

January 1910 

120 

0 

1 

161 

0 

1 

February 1910 

71 

0 

0 

186 

1 

1 

ilarch 1910 

91 

0 

0 

71 

0 

0 

April 1910 

52 

0 

0 

75 

0 

1 

May 1910 

38 

0 

0 

63 

0 

0 


uffimoiyuc aggiutmable vibno 
the let I November and m the other 

ram/ season ^ lugher percentage 


m one station was 
almost throughout 
of isolations m the 
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Taking aclual sources, out of 7G3 sucli examined during the year m one station 
13 were positive, re 17 per cent , the corresponding figures for the other station 
were 29 positives out of 679, i e 4 3 per cent 

All these vibrios with the exception of those indicated in Table VII were iso- 
lated from sources in villages from which cholera was absent It seems likely that 
those isolated during epidemic periods were present m the water-supphes owing to 
the same causes responsible for their presence in umnfected areas 


Table VII 

Incidence of the hcemohjtic agglutinable vibrio in the 'presence 

of the disease 


Bengal 

Number of 
sources 
O'camined 

Number of 
sources 
positive 

c, 

-f areas 

85 

2 

c. 

ft 

170 

1 

Cx 

— areas 

31 

3 

C, 

tf 

117 

1 


Other stations — In the Bihar station the monsoon was in progress during the 
investigation Altogether from the 397 sources examined, four sources proved 
positive including one river 

In the Sind station 206 sources were examined and 18 proved positive 

Evidence op persistence op the hemolytic vibrio 

In the Bengal station from one tank isolations of the same type of hsemol^ic 
vibrios were made for a penod of 19 days takmg samples at intervals, 6 out oi 
samples collected during the penod being positive In another tank isolatioM 
were effected over a penod of 35 days but for a penod of 3 weeks m the mid e 
of this period three specimens proved negative It is to be remembered that ^ ® 
in this area were subject to an automatic flushing from the nse and fall of e 
tide 

In Bihar on the other hand two wells remained positive for 22 and 30 days 
respectively, while a third well and the nver specimen were rapidly cleared 

In Smd one tank proved positive over a penod of 41 days, eight out of eight 
specimens collected dunng the penod bemg positive Two jhils were posi 
over 35 and 41 days respectively, four out of eight specimens proving i 

the former and three out of four in the latter In other positive sources repea 
examinations showed no evidence of persistence 



w D B Read and S R Pandit 


413 


Chemical analysis op ^VATER 

Nearly all water samples were chermcally analysed to determine the amount 
and nature of their salt and orgamc matter content wth special reference to the 
quantity of sodium chloride present and any possible efiect of sea-water on the 
water-supphes in the area of investigation This was done m all the three provinces 
The results are not reported in this commumcation as it was not possible to establish 
any constant relationship between the bactenological and epidemiological findings 
and the chemical nature of water-supphes in the areas in question 


Agglutination tests on human sera 

The frequency distribution of positive results at different dilutions of sera 
obtained from uninociilated individuals in the three proiinces is given in 
Table YIII 

It IS clear that, with the technique adopted, no ei idence of immunity has been 
obtained from a study of agglutinins in blood in the genera] population of Bengal 
and Bihar as compared mth that of Smd It may be stated here that almost all 
positive reactions were partial 


General findings 


The distribution of the agglutinable nbno, both hEemolytic and non-htenioljdic, 
on the basis of a fixed isolation techmque has been norked out in an endemic rural 
area in Bengal and two areas in Bihar and m Sind which are as nearly similar as 
possible, geographically speaking and otherwise, to the area chosen in Bengal but 
differ in their epidemiological history The non-hsemolytic agglutinable vibrio 
was found m all except one of the chmcal cases m areas where the presence of 
cholera could be established, provided the exammation was carried out sufficiently 
early m the disease About 7 per cent of close contacts of cholera proved posi- 
tive and about 16 per cent of water sources in direct contact with cases n ere positive 
at different penods of the epidemic There was no evidence of persistence in any 
source much over one fortmght and the majonty of the sources rapidly became 
free of the vibno On the other hand the non-haemolytic vibno with one or possibly 
two exceptions was not found in the absence of the disease 

The hffimolytic agglutmable vibno, while detected m the presence of the disease 
has been found usually m its absence It has been found m cholera areas of two 
different epidermological types in different provinces of India and in relatively large 
numbers m an area which must be taken as not only free from cholera dunng the 
penod of investigation but free from cholera dunng the decade previous* 

n 1 ^ these respects so far are out of hne with those descnbed in 

telehes Islands (de Moor, 1939) 


Tr.. ^ ^ I’entatratimn working in the district of Taniore. Madras Hub nio„ wit, 
ypo strains from tanka m the absence of cholera (personal commumcation) wolatcd El 



Showing the fiequency distribution at diffeient stations of serafom mmxoculaled individuals 
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Formolized 
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It IS not possible at this stage to decide whether or not the findings with regard 
to the incidence of the non-htemolytic agglutinable vibno represent the actual degree 
of prevalence or whether the technical difiiculties of isolation have proved too great 
to allow of the isolations of small numbers of the agglutinable vibrio from natural 
sources "Work is in progress to determine what are the linuts down to which it is 
possible to isolate freshly isolated case vibrios from artificially inoculated specimens 
of normal stools and raw waters At the present time it appears that there are 
limits both m stools and waters beyond which the reaction of the stool and the 
presence of other orgamsms m water will prevent isolations by the techmque 
adopted 

The staff m this mvestigation consisted of — 

S E Pandit, W D B Eead, D N Chatteiji, N M Moitra, S C Seal (later 
H S Sinha), P C Das, S Bose (later E K Narayanan and N K De) and B C 
Chakrabarty 
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APPENDIX 


A viUarje oulbu’aL of cholera in Bengal 

In Older to apjircciate more clearly what is happening in a village epidemic 
of tlie tyjie that lias been under investigation in the work of the Bengal Cholera 
Field Inquiry, a description of one outbreak is detailed here The population of 
the total area examined was about 2,000 spread over a distance of 34 miles, there 
being houses at close interials throughout this area 

Eleven cases in all occurred in the space of 13 days of these seven were fatal 
Six: were bacteriologicall)’' examined and six were found positive for the Inaba 
non-haemolytic vibrio One luEmolytic vibrio was also isolated from water but 
all isolations from other sources were of the Inaba non-heemolytic type Four of 
the vibrios were isolated from family Hll, one from family FH and one from family 
JAF {vide Diagram) The first case, a child, occurred in the family of KH on 22nd 
February, 1940, and died on 24th February, 1940, the second also a child m a family 
resident 250 yards from the former contracted the disease on 26th Febinary and 
died on 26th February The third and fourth cases occurred on 29th February 
in the family to which the first child belonged of these one proved fatal and one 
recovered The first investigation was made on 29th February, 1940 seven days 
after the occurrence of the first case Eight contacts from the family of EH and 
three water samples proved negative, but from the fanuly of HBS one out of thurteen 
contact stool samples was positive and four water samples were negative , also a 
tank used by a family resident 200 yards from HES was positive for the heemolytic 
vibrio The position on 29th February was thus — 



Cases 

1 

1 

j Contacts 

Watebs 

Fiimily 

Number 

ocourrmg 

^ Positu e 

1 

! Number 
ovamincd 

Positive 

Number 
ovammed 1 

Positive 

KH 

3 

' 1 

(Not 

e\au)ined) 

8 

0 

3 

0 

1 

HRS 

1 1 

*> 

14 

1 

4 

: ° 

FS 

0 

0 

0 

0 

1 

1 

(hamiolytio) 


The bacteriological proof of cholera at this stage had to be estabhshed ro 
one contact case only, no cases bemg available then or later for examinatiOT 
6th March, 1940, one further contact was found positive m the family of E-U 
Two collectors and four sweepers were employed and there was no ^ 

slackness on their part The facts are illustrative of the difiBculties of estab 8 i o 
a diagnosis under the conditions of work in India 
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On 4th March, 1910, at a distance of 3} miles away, a case occurred m the 
family of HM This proved fatal the following day A further case occurred in the 
immediate neighbourhood on 5th hfnrch, 1940, which proved fatal four days later 
and three more on Gth March, 1940, of which two recovered Only two of these 
five cases occurred m the same house, the remainder being one per house On 
6th March, 1940, also, a further fatal case occurred in a house 14 miles distant 
This individual had had contact wuth the family of HM There was, however, 
no traceable contact between the family of EH and Hhl 

Investigation in the area of family HM was started one or two days before the 
onset of the last four cases Only one case had occurred previously Twenty two 
stools of individuals without symptoms were examined and of these three were 
found positive Of the latter, one, two days later, developed symptoms and died, 
the two other remaining w ithout symptoms throughout the epidemic, though one of 
these was again positive two days later One water sample out of eight examined 
proved positive 

Further investigations were carried out on Gth March, 1940 From the family 
of HM, four cases proved positive and three out of eleven contacts were also 
positive From the family of JAF, the case proved positive, while three contacts 
were negative On 7th March, 1940, one water sample from the latter family was 
positive On Gth March, 1940, one contact was found positive in a family resident 
at 100 yards from HM 


The position on 7th March may be summarized as follows — 



j Cases 

Contacts 

Watebs 



Family 

1 

Number 

occurring 

i 

Positive j 

1 

Number 

cxnmined 

Positive 

1 

Number 
t evnmmed 

Positive 

HJI 

1 0 

4 

22 

4 

7 

1 


(4 oxnmmcd) \ 


1 

0 


1 

JAF 

1 

1 

1 

4 

me 

0 

1 

0 

9 

1 

I 

0 


After this no further cases occurred One case however, in the family o > 
continued to excrete the vibrio till 18th March, but was shown to be nega ve o 
28th March and thereafter Further positives were recoided as follows 
Family JAF Contact 1 Positive 11-3-40 

„ HM Water 1 » 10-3-40 

Water 1 » 13-3-40 

(another sample) 

The total number of specimens examined was — 

Cases 20 

Contacts 269 

Waters 104 

also many specimens from somces not m chxect contact with the disease 
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The report of an outbreak of cholera m the Celebes attributed to vibno El Tor 
(de iloor, 1938) has created a renewed interest m the question of the significance of 
this vibno m the epidenuology of cholera De Moor {loc cit ) isolated hasmolytic 
agglutmable vibnos* from 36 cases presentmg chmcal symptoms of cholera, 29 
healthy contacts, and 17 sources of water m immediate relation to the positive 
cases He also obtamed them from 4 persons (non-contacts) resident in the affected 
rnllages This rubno could not be recovered m numerous examinations of stool 
specimens from parts of the islands not lurolved m the outbreak, nor m the affected 
regions after the epidemic {see de Yogel, 1939) This close relationship between 
the occurrence of the El Tor nbno and the presence of cholera m the Celebes has 
not been noticed elsewhere The repeated findmg of vibrio El Tor in open natural 
water sources m certam rural areas m Tanjore district, South India, m the complete 
absence of cholera m the region, during the entire period of observation and for 
several months previously, is therefore considered worthy of record 


* ' agglutmable vibno ’ is used throughout to denote vibnos possessm" the specific 

-p 1 O antmen of Gardner and Venhatraman (1935) and includes both the true l'’ cholera and 

hiimnlrr+if* 1^1 T-iv. \\\ i r jj. » . 


jrroup 4. vjr uuiijitra oi (Ljara 

the hsmolytic El Tor vibno 
J. MB 


411 other vibnos are referred to ns 
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non agglutmable ’ 
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Vibyio Lil Tor iib Nttlutul WcUa Sources 


Tlie observations rejiorted in tins paper Mere made m the course of a survey 
of open natural water sources in tlie Cuinery Delta during 1940, and formed part of 
a larger investigation of tJic conditions of prevalence of true Fiino cMerffl m the 
local population and external sources The region had been entirely free from 
cholera from May of the preceding year, 19.J9, and has continued to be so The 
examination of 1,827 stool specinieiis from the inhabitants of the region failed to 
reveal the presence of agglutinablc vibrios in any 

Previous in\ estigations in this direction have been subject to the hnntations 
of the technique aAuilable, 'which -would not permit the recovery, with certainty, 
of agglutinuble vibrios when present in small numbers in waiter or stools together 
wuth relatively more numerous non-agglutmable vibrios and other fmcal organisms 
The almost universal presence of non-aggliitinable vibnos in waters in North 
India, under conditions m which cholera contamination could be excluded, 
has been reported by Taylor and Ahuja (1938) The expenence of Pandit and 
Maitra (1938) m Assam has been the same One of us (K V V) has found 
similar conditions to obtain m the Madras Province 


Mi-THOOS 

The modification of the bismuth-sulphite enrichment medium of Wilson and 
Blaix desenbed by Read (1939) has greatly helped to overcome this difficulty m the 
successful recovery of agglutinable \ubrios, especially w^hen the opposmg non- 
agglutinable vibnos present are non-mannose fermenters This, however, fads 
sometimes, in the presence of mannose-fermenting non-agglutmable vibnos The 
techmque adopted by us in the exanimatiou of water has been essentially the same 
as described by Read {loc cit ), and m control experiments wnth artificially moculated 
waters, has enabled us regularly to recover V cliolcrce from 2,500 c c of water 
m which 10 to 100 viable vibrios had been introduced along with a considerably 
heavier inoculum of a non-maunose fermenting non-agglutmable vibrio ana 
Bad (erogenes In the work here reported, 2,500 c c quantities of water were 
collected from each source, sufficient sea-salt added to make a 1 per cent concentra 
tion’and the pH brought up to 9 2 by the additiou of sufficient N/1 NaOH solution, 
at the spot of collection These were then transported to the Laboratory genera y 
withm 3 to 4 hours (often withm one hour) and filtered through Kieselguhr impreg 
nated filter-paper, which, with the deposit, was then taken m 100-c c 
bottles contaimng 60 c c of the marmose-bismuth-sidphite medium and incuba ^ 
overmght Platmgs were made on Aronson and agar media from the enric e 
cultures Colomes picked from these plates were first tested on a shde with a snita y 
dduted cholera ‘ 0 ’ agglutinatmg serum and if foimd to be agglutinable, su^^ 
cultured on agar and submitted to further tests including agglutination m the n 
with monotype Inaba and Ogawa ‘ 0 ’ sera and h®molysis -witb goat erythiocy 
In the earher part of the work, a certain number of non-agglutmatmg vi 
colomes were also picked out to deterrmne tbeir biochemical type, but re 
to these is omitted m the rest of the paper A number of colonies were pm 
off each plate to see if more than one agglutmable type was present 
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The hffimolvsis tests ^ere done according to Greig’s method, using a 7--hour 
extract broth or 48-hour peptone-a ater culture of Mbnos and 10 per cent washed 
aoat-erythrocytes A certain amount of vanation in the hmmolytic power of the 
\nbno 3 was noticed when the tests were repeated Latterly, all vibno strains have 
been submitted to the test using a 24-hour culture in Douglas broth when more 
uniform results were obtamed 

A simple chemical analysis of water was made of most of the specimens, 
includmg an estimation of the total sohds, chlorides and oxidizable matter This 
was done \yith the object of determimng if the composition of the waters in which 
agglutinable vibnos were foimd, differed in any manner from that of other specimens 
m the same region No significant difference uas noticed 

Ehght hundred and se\ent> -eight specimens of water from 237 sources were 
examined by the method described abo\e These sources include rivers and 
channels, tanks, ponds, and a few wells, and represent the greater part of the deltaic 
portion of the Tanjore distnct and portions of Tnchmopoly and South Arcot 
districts Only one or two specunens were collected from each source in a number 
of cases in the prehmmary suraev but m regions where agglutinable vibnos were 
recoaered, repeated esmminations were made of aU the natural sources in the 
anllage and the neighbourhood 


Findings 

Agglutmable nbnos were isolated from 21 specimens representing 17 different 
sources These were limited to two small areas — one near Negapatam and the 
other near Thiruthuraipundi, at the tad end of the delta The particidars regarding 
these isolations are shown in the Table 


It anil be seen that agglutmable vibnos hac e been isolated at one time or another 
during the year, from 12 out of the 33 tanks m the two villages adjoimng Negapatam 
and 5 out of the 28 in and around Thiruthuraipuncb In onlv two instances (Nos 1 
and 11) have these vibrios been isolated more than once from the same source — thnce 
m the course of 6 days from No 1 and thnce in 29 days from No 11 The failure 
to isolate these \nbno3 m second and subsequent examinations may be due either 
to them rapid ehuunation after mtroduction, or to the inadequacy of the techmque 
which, sometimes, fails m the presence of other mannose fermenters 

The serological type of these 21 strains of agglutinable vibnos was determined 
b} agglutination tests with monotype Inaba and Ogawa ‘ 0 ’ sera Twelve were of 
the Ogawa type and 9 Inaba All cultures denved from a number of colomes from 
the same platmg were of one type Where more than one isolation was made from 
the same source, the type of vibno has remained the same throughout The Inaba 
and Ogawa tanks are not disposed in any clear natural groups, but are scattered 
irregularly m the village 


The hasmolytic property of these vibno strains was tested by methods referred - 
to m a previous paragraph Nineteen were frankly haemolytic, one gave a trace of 

e nottced m the degree of hemolysis produced by cultures denved from several 
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Tab 

Particulars of isolation of agghlmUc 
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\umbcr of tvanuna 
tions 

J5 

o 

*0 

O 

w 

o 

B 

=3 

/; 

Number of einmina- 
tions 

Number of isolations 

Number of cvainiiia- 
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2 

0 

3 
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4 

1 

2 

0 

4 
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2 

0 

4 
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2 

1 

3 

0 

4 
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2 

0 

6 
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2 

1 

4 

0 

4 
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2 

0 

0 
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4 

1 

2 

0 

4 

0 



2 

0 

7 
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2 

0 

2 

0 

4 
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2 

0 

8 
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3 
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4 
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3 

1 

9 
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2 

0 











0 

0 

10 

Sambulailam 

4 

1 

2 

0 

4 

0 















2 

0 

11 

Vettukulam (Karuvelankadai) 

4 

2 

2 

1 

4 

0 
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Vibrios from nater soutms 


1940 

Type of Mbrio 
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colomes from the same plating, especially when the tests were done with 48- or 
72-hour peptone-water cultures When the tests w ere repeated some months later, 
using a 24-hour Douglas’ broth culture, more uniform results were obtained All 
cultures derived from the same plating weie either all hremolytic or all non-hasmo- 
lytic Thus, 19 strains derived from 15 sources were htemolytic and the other two 
nou-hamiolytic, and are shown in the last column of the Table 

These 19 strains, possessing as they do, the specific group I ‘ 0 ’-antigen as 
determined by agglutination with specific sera, and being hiemolytic are to he 
considered as El Tor vibrios , the other two are indistinguishable from true 
V cholerce 

Reference has already been made to the absence of cholera m the region and the 
uniformly negative results in the examination of 1,827 stool specimens from the 
inhabitants of the distiicts During Februar}>- 1940, when the haemolytic agglu 
tinable vibrio was isolated from as many as 8 tanks in one of the villages near 
Negapatam, a very careful local inqiur)’- was instituted among the people residing 
in the neighbourhood of tlie positive tanks Eight cases of mild diarrhoea were 
cletected, from none of whom could agglutmable vnbrios be recovered Stools of 
207 healthy persons of the locality were also exaimned with negative results No 
association coidd, thus, be estabhshed between the finchng of these vibnos in the 
water sources and human disease in the village 


SUiMJIARY 

The isolation of htemolytic agglutmable vibrios (vibrio El Tor) from 15 open 
natural water sources m two rural areas m the Taujore distnot, in the absence oi 
cholera, is recorded Non -htemolytic agglutmable vibrios mchstinguishable from 
true V cholerce were also recovered from two other sources m the same area 
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STATISTICAL INQUIRY INTO THE EPIDEMIOLOGY 
OF CHOLERA IN BENGAL 
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Bengal has generally been recognized as an endemic home for cholera from 
which, according to Bryden and Cornish, it spread by the northern epidenuc 
highway mto Bihar, the XJmted Provinces and the Pimjab and, by the southern 
epidemic highway, through the Central Pronnces, to the western parts of the 
Bombay Presidency, including Gujerat, and southwards mto the Deccan and 
the Jladras Presidency Epidemics onginatmg from Bengal are bebeved to 
have occasioned pandemics invohnng greater part of the udiabited globe The 
epidemiology of cholera in India has, therefore, been the subject of study by 
several writers eier smce the advent of the Europeans m this coimtry The 
work of the earher mvestigators such as Bryden, MacNamara and Bellow was 
mainly descriptive More recently. Sir Leonard Rogers (1928) and Russell and 
Sundararajan (1928) have studied the problem by quantitative analysis of data 
All of them came to the conclusion that cholera was endemic in Bengal 

Bryden’s endemic area included ‘ the western portion of Assam, all deltaic 
regions of lower Bengal and Orissa up to the low Rajmahal and Cuttack hills to the 

( d25 ) 
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Tea ° ^ "hc'tprtd'o^^^ 7““''““ “ l”=«"<le-c 

Ma l,ave already been stated ' ™ ^“8“' »aeipa,ls.l 

of a.ul S„ndararajan (,„o c„)«d 

provinces of India and (n) a study of fcli^r f m the difierent 

to tlie incidence of the disease Tl.ov^r,> meteorological conditions 

periodicity in western Benr'al anrl \ ^°^®trated that cholera had a six-yearly 
factors, they fon. 1 L? ' „ ,1™^ fivc^yearly eyele m eastern Bengal i.t. 
vano,,s partson,.d,abnt tie disease .n 

and Assam Bor these reasons thlv ° T mcidence in Bengal 

these provinces ’ concluded, that the disease was endemic in 

Benga°°Omi^and ‘‘'“e 1'"= He stated that lower 

vanatron jn its moirWe 1 " lyperendemic area of cholera becaaee the 

m spite of the H T” ^<*'7 s"™!! Eogers observed Hat 

cholMafromBonoal to commiiajcotion by railways, tie progress of 

the absolute liiimir-ir+-. ^ f absolute humidity was required In Bengal 
western T)rovincp<? remains above the critical level all the year round hut in the 

proceed fl T of the year As we 

becomes shortpr P»r>jab the period of favourable humidity 

accordim? to hnn op ^ P^°8^®®sively delayed These circumstances, 

ment of romnn’/ ® of any influence which the develop- 

disle I’^ve had in accelerating the spread of the 

cholem nTaWo'' ^ detailed study Bry (1926) has followed the shift of the 
cholera peal to a later part of the year as one proceeds from east to west 

p\ fpi^rtp survey will serve to show that the previous authors recogmzed an 
chnlPT-n 17 comprising of Assam, Bengal and Orissa as one endemic centre of 
Ponn/rt K f ^ endemic home the disease extended to other parts of the 
^ y, o^ unfavourable climatic conditions failed to estabhsh itself 

^ dhe first question that presents itself is whether this vast extent 
approximately 146,000 square miles represents a homo 
regard to the natural history of cholera or whether it is composed 
e erOj,eneous e ements The study of this problem is a pre-requisite to the 
diTeasT^^ elucidation of some of the obscure points in the epidemiology of the 


The *^y available records on which statistical studies can be based are cholera 
^ g^es The records of vital statistics in India are notoriously uniehable 
7. ^ eholera case mortahty is liable to variation It is, therefore, recognized 
a ^ ^ cannot be expected to represent correctly the incidence of the disease 

bince Powever, cholera, as a rule, presents well-marked symptoms, and the country 
people are famihar with it and its consequences, the mortahty figures for cholera 
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mav be reasonably considered as more rebable than they are for most otlier diseases 
As a preliminary step we examined cholera mortality records from 1901 to 1930 
for all the districts of Bengal The mortality rates were calculated for the uhole 
of the period as well as for the six qmnquenmal periods They were based on mean 
populations for the respective penods as estimated by the geometrical progression 
method The mean cholera rate for the whole period for the province as a whole 
was found to be 1 92 per mille Using this rate for purposes of comparison the 
districts of Bengal could be divided mto four groups as follows — 


Table I 

Distribution of the districts of Bengal into groups according to cholera 

mortality 


U 


in 


11 


Low mortalitj rates ranging from 0 to 0 06 p(r milk, i e up to 50 cent of 
Bengal rate 

Darjeeling, Jalpaigun, Dmajpur 

Moderate mortality rates rangmg from 0 96 to 1 92 per milk, i o 50 per cent of 
Bengal rate to Bengal rate 

Rangpur, Bogra, Malda, Birbhum, Burdwan, Bankuro, Hooghly, Tippera, 
Chittagong 

High mortahty rates rangmg from 1 92 to 2 88 _per milk, i e from Bengal rate 
to 50 per cent over Bengal rate 

Mymenaingh, Pabna, Rajshahi ilurshidabad Kaiha, Im^sorc, Fandpur, 
Dacca, NoakhaU, Backergunj, Khulna, 2Ldnapore 

t ery high mortahty rates of 2 88 per milk or more 
24-Pargana3 Howrah 


Mortahty rates for the mdiiidual districts for the whole period and for the six 
quinquennial periods are given m Appendix I Map 1 presents these data according 
to the above classification From this rough analysis it will he readily seen that the 
d^tnets exkhit considerable heterogeneity with regard to the degree of incidence of 
cholera and its vanabdity 


Howrah and 24-Paxganas stand out as the most severely affected distncts 

distncts The western group consisting of Bankura 
Hoophly, Burdwan and Birbhum shows moderate incidence m spite of more 

supphed to them by railways, roads and canals The 
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MAP OF BENGAL SHOWING CHOLERA MORTALITY RATES 
PER MULE FOR THE PERIOD 1901 TO 1930 AND FOR THE 
SIX INTERVENING QUINQUENNIAL PERIODS 
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Mean seasonal distribution of' cholera mortality in the districts 
Seasonal curves sejiarately for each district are shown m i\Iap 2 

Map 2 

SEASONAL DISTRIBUTION OF MEAN CHOLERA MORTALITY 
IN THE DISTRICTS OF BENGAL FOR THE 
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Seasons in Bengal may be tlivuled as follows — 

(1) SprDuj-suDmer —Hot and dry and extends from the middle of Februan' 
‘ to the middle of June 

(•2) TittDnj st‘(iso)i ^Ifot .ind Met from the middle of June to the middle of 
Ootobei 

(3) Autu))t)i-wt)ite> — Cold and dry from middle of October to the middle 
of February 

With regard to the seasonal incidence the various districts m Bengal may be 
roughly chvided into three groups — 

(1) Bimodal Muth one peak m autumn-winter and the other in spring-summer, 

the tMO being separated by a dip in February The mam trough 
corresponds to the monsoon months Majority of the distncts belong 
to this group 

(2) A ummodal curve in which the dip in Febiuary is practically eliminated 

24-Parganas belongs to this group 

(3) Bankiira, Daijceling and Birbhum differ from other chstncts m that 

they exhibit an evidence of a rise in the rainy season 

This gross analysis of choleia mortality figuies by districts clearly shows that 
Bengal is far from being a homogeneous area in regard to its cholera expenence 
For the purpose of study of the natural history of the disease it becomes necessary 
to divide it into homogeneous areas Many of the districts, however, are separated 
from each other by artificial boundaries which have been fixed for purpose of 
admimstrative convemence These units, therefore, may not represent areas of 
homogeneous cholera experiences This point is clearly illustrated by the contiguous 
districts of Hooghly and Hoivrah which exhibit marked differences m the cholera 
mcidence In ordei, therefore, to demarcate homogeneous cholera districts it is 
necessary to take the smallest geographical umt for purpose of investigation The 
tlianas or the police circles which have foi a long tmie been the registration centres 
in Bengal and for which cholera mortahty figures are separately available for 
extended periods provide the most smtable umts for this purpose * 


Choleea mortality by thanas 

The adoption of thancib as the umts for study was, however, not free from 
difficulties Duiing the period undei investigation many of the t]ia)Uis xinaevben 
changes as the residt of a le-distnbution of the areas under their jurisdiction 
administrative or other reasons Some tJianas disappeared as distinct umts, aw o 
been merged in whole or in part in one or more of the adjacent tlianas, while on o^ 
occasions new tlianas were created Exact knowledge of thepe changes is 
for relating cholera deaths to the corresponchng populations When these c aUj,^ 
took place during the intercensal periods and when, as it happened m some ca 

* The data on \\hich the discussion is based in this conimunication and in Part II oI 
lelato to rural areas only 
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the newly constituted thanas did not become registration centres for somehme 
afterwards or failed to do so altogether, the adjustment of the populations to 
the recorded deaths became uellnigli impossible Every care was exercised to 
make these adjustments wherever possible and for this purpose the government 
notifications kindly supplied to us by the Inspector-General of Pohee, Bengal, were 
freely utilized In case, however, where the information required was not available 
the units were taken as they existed at the census enumeration of 1911 In 
complicated cases a number of ihanai, concerned was combmed and treated as 
single units Jlap 3 and Appendix LI show the centres which have been treated 
as umts for the purpose of this study 

Since this detailed investigation involved considerable amount of work tbe 
study was confined to a group of 10 distncts, namely, Backergunj, Khulna, 
2‘1-Pargana3, Nadia, Birbhum, Burdwan, Bankura, Midnapore, Hooghly and 
Hoivxali 

Heterogeneity within the districts 

The range of variation in the mean cholera mortahty rates for the whole penod 
between the various iJumas in each district is presented in Table II — 

Table II 

The highest and the lowest mean cholera incidence for the ivhole penod 
in thanas comprising the various districts 


Number 

Name of distncts 

JIe^vk choleba mortality 
RATES PER 10,000 IN 
thaiias 



Highest 

Lowest 

pjfierence 

1 

24 Parganas 

6 61 

1 32 

6 29 

2 

Slidniiporo 

5 22 

0 60 

4 60 

3 

Khulna 

606 

1 09 

3 07 

1 

4 1 

Howrah i 

6 13 

2 70 

2 43 

5 

Burdwan 

3 66 

1 30 

2 19 

C 

Backergunj 

3 46 

1 88 

1 58 

7 

Nadia 

3 60 

2 13 

147 

8 

Hooghly 

2 66 

1 16 

140 

0 

Bankura 

2 29 

0 98 

1 31 

10 

Birbhum 

2 63 

1 81 

o 

00 
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lu the table the districts ha^e been arranged m order of the values of 
differences between the lliam'^ shomug the highest and the lonest incidence 
Judged by this cnterion 2‘i-ParganaB shows the greatest heterogeneity and 
Birbhuni the least 


Thk seasonal distributioa of cholera mortality in thanas 

The seasonal curves for tJiaiias are presented m Map 4 An eAammation of 
these curves bnngs out the foUouiug points — 

1 The south-western portion of the area under investigation has, relatively 
to the remaining portions, a much lower incidence 

2 The thanas exhibit among themselves considerable heterogeneity in regard 
to seasonal distnbution of the disease However, certain groups of contiguous 
iJianas exhibit striking similarity The whole area may be divided into seven 
broad groups based on similanty of shape of the curves of contiguous thims — 

(а) The whole of BacLergunj district except Bhola group In this group 

Morelgun] group of Khulna distnct is also included The maximum 
incidence is m spnng-summer Prevalence of cholera m autumn- 
winter IS relatnely low 

(б) The reniainmg portion of Khulna district and the southern halves of 

Jessore and, Nadia distncts Here, the wmter mcidence is higher 
than m the prenous group and the rise during the spnng-summer is 
not so promment 

(c) Canning (Matla) and Sandeshkhah group This resembles the Backergun] 
group 

{d\ A group of centres on either side of the Hooghly m the districts of 
24-Pargana3, Howrah and Midnapore The curve is unimodal and 
cholera is prevalent mainly in autumn-wmter 

(e) A big group consistmg of Birbbum, the western part of Burdwan, the 
whole of Bankura, western portion of Hooghly and the whole of jffidna- 
pore with the exception of the centres mcluded m the previous group 
A special feature of this group is a small nse m cholera incidence 
dunng the rams The total mcidence is, on the whole, very low 
except m Birbhum 

(/) A small group to the north-east of the previous one It consists of the 
remainmg thanas of Burdwan district and three contiguous thanas 
of Nadia district Here the curve is bimodal with a high peak m 
spnng-summer and a low one m wmter-autunm 

(g) Another group consisting of the northern portions of Nadia and Jessore 
distncts Both peaks are equally high However, the autumn- 
imter peak occurs m November instead of m December as is usually 
the case ^ 
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3 From this descnption it will be observed that widely separated groups 
suob as the one in the north-east of Burdwan district, Sandeshkhali-Canning 
(ilatla) group in 24-Pargana3 and the group of tTianas m Backerguaj district are 
alike in” seasonal distnbution of cholera The intervening areas present quite 
dissimilar esqienence 

4 It may also be seen from Table III that vanous umts showing similarity 
in regard to seasonal incidence may have different niean rates — ■ 

Table HI 


Range of variation in mean incidence within an area shomnq Similar 

seasonal incidence 



Ulninium rate 
per 10000 

JIaxJmum rate 

1 per 10,000 

Difference 

1 

Group to the north east of j 
Burdwan distnot 

12 I 

15 

03 

Sandeshkhali Cannmg area 

40 

6 7 ' 

1 7 

Backergunj area 

19 

13 

1 

14 


5 It will be remembered that with regard to the seasonal evpenence of 
cholera Fry contrasted the experience m Bengal with that of Bihar In the fonner 
cholera was at its lowest durmg the monsoon season when in Bihar it was at its 
highest It IS mteresting to note that thanas in group (e) referred to above 
constitute the area where transition occurs 

SunLAErry between coNnatJous thanas of deffebent distbiots 

Table IV illustrates some instances in which there is sunilanty with regard to 
mean cholera mortahty betiveen contiguous thanas of two districts It is apparent 
from the table that the hnes dividmg the districts rim through areas having sinulaT 
mean expenence The same pomt is brought out by the classification of the area 
into seven groups according to types of seasonal curves 

Table IV 


lUustrating similarity between contiguous thanas of the 
different districts 


Districts. 

1 

j Centres 

1 

Cholera mortality rate 
per 10,000 

Burdwan 

1 

( 1 Ketngram, K a t w a, 

( , Pnrbaathali. 

f ranges from 3 1 to 3 4 

Nadia 

j Kahgmij, Nakabjpara 

! 


J UR 


3 
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Table IV — concid 


Diatnots 

Conlrta 

\ 

j Cholera mortahty rate 

1 per 10,000 

1 

1 

Hooghly 1 

Khannkul 

j 27 

HoAvrali ‘ 

1 

Amta group 

i 2 2 

Midnaporo 

Dospur 

1 

; 2 3 

1 

Ulidnaporo 

1 Garbotta 1 

1 

1 

! 0 81 

Bankura 

1 1 

j Simlapal | 

1 

( 0 99 

Klinina 

1 

Satkhira 

10 

24 Parganas 

) 

Basirhat i 

1 

31 

Summary 


1 Previous writers on the epidemiology of cholera in India have recognized 
Bengal, Orissa and Assam as constituting one big endemic home of cholera 

2 It has been sho\vn that the districts of Bengal present considerable 
heterogeneity in regard to their cholera experience and that there are evidences 
of heterogeneity within the districts themselves 

3 The necessity of undertalong an inquiry with a view to forming homo- 
geneous cholera districts in connection with the study of the natural history o 
the disease has been discussed 
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appendix I 




1 ! 

' Kate ‘ptT 

K„,otd«.™. 'j-jJ 

— r i 

Rate per Bate per | Ra 
mile, mille, l » 

1901-05 1900-10 19 

1 

te per 1 I 

tiille, 

11-15 

late per Rate per ; 

mille, ' )ni/fe, 
1916-20 1621-26 

Elate per 
mille, 
1926-30 

- - 


j 




1 81 

3 49 

1 46 

1 

1 90 

0 67 

1 22 

1 Burdwan 

2 Birbhum 

3 Bankora 

1 7S 

1 12 

132 

1 15 

4 30 

210 1 

1 60 

1 42 

2 24 

0 96 

0 57 

0 57 

094 

0 68 

4 ilidna^ur 

3 Hoogbly 

2 21 

1 CO 

2 87 

2 19 

3 69 

2-2S 

2 13 

1 73 

2 32 

1 51 

103 

0 63 

1 44 

123 

0 Howrah 

2 97 

4 02 

384 ' 

I 

3 39 

2 63 

1 39 

2 So 

7 24 Parganas 

3 32 

4 23 i 

1 

3 71 

3 58 

3 36 

1 78 

3 18 

8 Nadia 

2 49 

3 46 ' 

1 

3 37 1 

2 46 

192 

0 96 

2 29 

9 Murahidabad 

200 

2 44 ' 

286 

2 46 

2 00 

064 

1 94 

JO Jessore 

2 39 

3 05 ' 

3 46 

1 95 { 

174 

1 52 

260 

11 Khulna 

2 24 

2 40 ' 

344 ' 

1 85 

260 

0 83 

2 60 

12 Rajshnhi 

2 14 

1 2 47 

4 03 

1 52 

100 

1 37 

2 22 

13 Dmajpur 

065 

0 53 

1 10 ' 

0 61 

0 58 

0 25 

0 71 

14 Jalpaigon 

085 

0 29 

142 , 

0 90 

139 

064 

0 25 

15 Darjeeling 

0 39 

j 0 21 

0 38 

0 71 

1 00 

0 02 

010 

10 Rangpur 

1 16 

1 0 74 

2 07 ' 

\ 

119 

0 77 

0 96 

107 

17 Bogra j 

141 

234 

218 j 

108 

0 72 

107 

100 

18 Pahna ' 

2 13 

1 3 25 

2 62 

2 28 

160 

1 14 

2 08 

19 Malda j 

1 86 

1 

! 2S0 

190 1 

2 74 

0 98 

0 24 

225 

20 Dacca 

2 43 

1 3 04 ' 

2 44 1 

1 2 71 

133 

152 

2 21 

21 ilvmensingh 

2 21 

' 311 ' 

2 67 

2 20 

166 

1-70 

189 

22 Fandpar i 

209 

1 268 1 
1 ’ 

2 62 

193 

136 

0 87 

305 
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APPENDIX Z~concId 


Nanio of district 

Unto T 
iiiiUl, 

loot- !0 

1 Uivtc per 

1 mtUe, 
190 1-05 

1 

Bate per 
mi lie, 
1900-10 

Rate per 
lilt lie, 
1911-15 

Rate per 
ladle, 
1910-20 

Rate per 
unite, 
1921-20 

Rate per 
miHt, 
1926-30 

23 

Backergunj 

2 09 

o 

3 82 

2 20 

123 

106 

172 

24 

Chittagong* 

1 12*^ 

' 1 20 

1 71 

1 14 

1 60 

0 39 

100 

25 

Noakhali 

' 2 11 ; 

0 22 

2 78 

2 80 

2 10 

1 11 

1-98 

20 

Tippera j 

' 1 07 1 

1 92 

1 98 

1 07 

1 45 

126 

174 

1 


Bengal Province 
excluding Calcutta 

1 02 I 

2 to 

2 75 

1 98 

158 

100 

179 


Calcutta 

1 92 

1 

1 

2 23 

2 74 

1 SO 

1 82 

1 10 

186 


* Hole — ^Tho cliolera iigiircs for Chittagong Hill Tracts n ere not 'iilable, lienee the popniation for 
this area lias been exeludtd from Chittagong diatnct and the total population for Bengal 


APPENDIX n 

List of centres wkicli form units for investigation In the braclets are given 
tte names of all the thams whicL comprise one group 


BtrbJmm district 

Muraroi, Nalhati, Eampurhat, Mayureswar, Labhpur, Nanoor, Sun group 
(Sun, lUambazar, Bolpur, Dubrajpur, Khoyrasole, Eajnagar, Muhaminaclbazar) 


Burdwan district 

Ketugram, Katwa, Purbasthab, Monteswar, Mangalkote, Burdwan group 
(Burdwan, Satgachia, Memari, Bhatar, Sahibgan]),^ Kalna, Jamalpur, Eama, 
Khandaghosh, Galsi, Ausgram, Kaksa, Asansol group (Asansol, Kulti, Salampur, 
Barabam), Eamganj group (Eamganj, Jamuna, Ondal, Faridpur) 


BanJeura district 

Bor] ora group (Bor] ora, Saltora, Mejhia, Gangajalghati), Bishnupur ^oup 
(Bishnupur, Sonamukhi, Patrasan, Indas, Kotalpur, Jaipur, Eadhanagar), o 
group (Onda, Taldangra), Elhatra group (Khatra, Indpur, Raipur, Eaniban ;> 
Bankura group (Bankura, CJhatna) 
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Ahdmpur district 

Garlibet-i, Cliandrakoua, Gliatal, Keslipur, Daspur, Panskura, Debra, Salbam, 
Shdnapur, Kbaragpur, GopibuUavpur group (GopibuUavpur, Jbargram, Jambom, 
Binpur, Nayagram), Egra group (Egra, Contai), Kamnagar, Kbejn group 
Bhagwaupur), Naudigrain, Sutabata, Mabisadal, Tamluk group (Taiuluk, Moyna), 
Pataspur, Pingla group (Piugla, Sabang) j 

Hooghly district 

Gogbat group (Gogbat, Badangau]), Edianalod, Axambagb group (Arambagb, 
Pursoora), Hoogbly group (Hoogbly, Chuasura, JIagra), Pandua, Tarakesu^ar group 
(Tarakeswar, Hanpal), Serampur group (Serampur, Smgur, Cbanditala, Uttarpara), 
Dadpur group (Dadpur, Poiba, Dbamakbah), Jangipara or Kiiahnanagar, Balgarb 


Howrah district 

Sbampur group (Sbampur, Mangalghat), Ulubena group (XJlubena, Bowna), 
Bagnan, JagatbaUavpur group (Jagatballavpur, Paucbla), Amta group (Anita, 
Smgk), Domejur group (Domejur, Sankrail, Bally, LoUooab) 


2i-Pargana$ district 

Kulpi group (Kulpi, Kakdwip, Sugar, Matburapur), Matla or Canning, Jaynagar, 
Barmpur group (Baruipur, Pratapnagar), Barasat group (Barasat, Amdanga, 
Eajarhat), Sarupnagar group (Sarupnagar, Baduna), Basirhat, Magrabat, Diamond 
Harbour, Haroa group (Haroa, Sandeahkhab, Hasnabad), Bisbnupur, Sonerpur, 
Falta, Budge-Budge, Naibati group (Naibati, Jagatdal, Bijpur), Dum Dum, 
Titagarb group (Tltagarh, Barrackpore, Noapara, Kbardab), Bbangar, Habra, 
Deganga 

Khulna district 

Duiuuna, Batiaghata, Paikgacha group (Paikgacba, Dacope), Kalaroa, Magura 
or Tala, Satkbira, E[bulna group (Kbulna, Tarakbuda, Danlatpur, Palerbat, Fultola), 
Kabguu] group (Kabguuj, Sbyamnagar, Debbatta), ABasuni, Bagerbat group 
(Bagerbat, Kacbua, Eakirhat), Kaiupal, Morelgan] group (Morelganj, Sarankbola), 
Moliabafc 


Backergunj district 

Halcbiti, Backergun], Pirojpur group (Pixojpux, Kowkbab), Sarupkati group 
^arupkati. Hazurpur, Bananpnra), blatbbana group (Matbbana, Pathargbata, 
Banina), Bhandana group (Bbaudaria, Kafchaba), Patuakbob group (Patuakbab 
Betagi iilir 2 apur), Bauphal, Amtob group (Amtob, Barguna), Galacbipa, Bansai 
^oup (Btnisal, Babugau]), Mebendiganj group (Mebendiganp Gaumadi, Badartuni 
Uuladi Hzirpur), Jbalakati group (Jbalakati, Eajapur), Bbok group (Bhola’ 
Daulatkban, Baranadi, Tazmuddm, Labnohan) ^ ^ ' ’ 



440 


Epidennology of Cholera in Bengal 


Nadia district 

Cliiiadanga, Dunuirhiicla, Alauuianga, Jibannagar, Kaligan), Enshnagai 
group (Krishuagar, Cluipr.i, Nadia or Nabadwip), Nakasipara, Knshnaganj, 
Hauskhali, Sautipur, Nanagbat, Kubthia, ^firpur or Nayapara, Kumarkliali group 
(Kumarkhab, Kbokijlia), Daulatpur, Karunpur, Gangaui, Jleberpur, Tehatta, 
Cbakdab group) (Cbakdab, Haringbata) 
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STATISTICAL INQUIRY INTO THE EPIDEMIOLOGY 
OE CHOLERA IN BENGAL 

part II. 

FORMATION OF HOMOGENEOUS CHOLERA DISTRICTS 

BY 
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{An Inquiry under the Indian 'Research Fund Aissociatio-n ) 

(From the Department of Vital Statistics & Epidetmology, All-India 
Institute of Hygiene A Public Health, Calcutta ) 

[Received for publication, February 20, 1941 ] 

In a previous communication (Lai et al , 1941) it was shown that there was 
considerable heterogeneity among the distncts with regard to cholera mcidence as 
well as among the thanas constitutmg mdividual distncts It was further pointed 
out that a distnbution of the thanas mto homogeneous cholera distncts was the 
essential pre-requisite for a systematic study of the epidemiology of cholera and 
for the formulation of smtable methods of forecast It' is, therefore, necessary 
to devise methods to secure adequate descnption of the charactenstics of each 
titana m numencal terms The next step would be to determine the extent of 
sumlanty m respect to these characteristics m contiguous thanas 

NuMEBIOAL PBESENTATION op the EPIDESnOLOGIOAL OHAEAOTEBISTICS 

OP A LOCALITY 

Two cntena that appear to be smtable for givmg quantitative expression to the 
cholera expenence of a locahty are (1) the mean mcidence and (2) the vanabflitv 

( 441 ) 
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of incidence round tlie mean Variations in mean incidence have been bnefly 
discussed in the preceding paper In regard to the second cntenon, cholera 
presents, like many other infectious diseases, marked seasonal and yearly vanations 
The separation of these two types of fluctuation from the total vanabihty appeared 
to be essential for describing the epidemiology of the disease The matenal for 
our study consisted of the monthly mortality figures during the period of 32 years, 
1901-32 In Older to eliminate the variations due to the changes m population 
during this period, the monthly mortality figures of each ihma were converted into 
rates per 10,000 of population Interpolation by arithmetical progression was used 
to estimate the nud-year population for each year 

For separating the seasonal and yearly vanations in cholera mortahty Fisher’s 
(1936) method of analysis of variance was used A descnption of the method and 
a discussion of its applicability to problems such as this have been given m another 
communication (Eaja et al , 1938) 

This method chvides the total variability into three parts (1) Seasonal 
variability or between mouths — this provides a numerical measure of the mean 
variation m cholera incidence due to chmatic factors or other factors hnked up with 
seasons such as movements of population caused by fairs, festivals and other socio- 
economic causes and also cUetetic changes (2) Vanabihty between years— this is 
a measure of epidemicity (3) Residual vanabihty — this includes vanations due 
to all other causes 

For convemence the procedure followed is summarized m Table I — 


Table I 


Analysis of variance 


Source of 
vanation 

Degrees of 
freedom 

Sum of squares 

Mean square 

Contnbution 
to total 
variance 

Months 

1 

i 11 

S(x^-x)2 

,7 

^1-^3 

32 

Years 

1 

31 

S -xf 

±XS (x^,-xf=P2 

'iJ 

Residual 

341 

8 (x ~x — X ~{-x)^ 

' uv u ' 

1 

1 - _ 0 
<_J—S(X —X —x -4-x)~'=Po 

341 " ' MV V ' 3 

i 

-^3 

Total 

383 

S (X -x)^ 

'' UV ' 

1 

1 



i? B Lat, K C K E. Baja, Sat ya Bnarooj} a)id K C Basal 44:3 

where S represents summation, over all the 384 monthly values (monthly 
cholera mortahty over the period 1901-32) , is an mdividual monthly 
value, ly the mean of the 32 yearly values for the lith month , x ^ the mean 
of the 12 monthly values for the same year and i the mean of the 384 obsenm- 
tions If Px and P2 are significantly greater than P3 as shown by Z-test then 
a true estimate of monthly ^anance is (P; — P3)/32 and of yearly variance 
(Pj — P3)/12 These values together with P3 and the means are given in 
Table II {vide Hap 1) 

TabIxE n 


Means* and the nionihhj, ijearlij and residual lanances of the thanas 


dumber 

1 

1 

Distbict 

ilEAS 

CovratBimoN to 

Residual 

vanance 

^ T/i4i/ia 

i 

1 

1 ATerag© of the ^ 

3&4 mortality 1 ilonthly 
rates per 10,000 variance 
popnlahon. 

^ Yearly 
vamnce 

' 1 


^ Birbhuin dtslnfl 

1 

1 


1 

1 

1 

Mayureswar 

2 5o 

5 730 

11 716 

[ 

1 78 467 

0 

Xaaoor 

263 

0-000 

7 031 

j 94 262 


Bampurhat 

2 43 

5 015 '' 

' 11 656 

1 83 315 

■1 

^Talhati 

232 

1 

1060 

> 6 819 

42 318 

0 

Stui group 

181 

1-285 

8 521 

18145 

6 

Labhpur 

2-08 

1760 

0 062 

41070 

7 

Muraroi 

1 

2-08 

1614 

4 614 

25 609 


BurJican didricl 

1 

' i 

j 

1 

1 

‘ Khandaghoali 

1 63 

i 

i 0 643 , 

1808 

j 11 754 

2 

j Aiisgram 

158 

0 678 ’ 

1 

2 863 

11 569 

3 

^ Burdffan group 

1 03 

3 499 

1835 

1 

1 8 630 

4 

f Galsi 

1 

169 

0 837 i 

1 

2 421 

0 678 

5 

Katsa 

136 

0 819 ! 

2170 

8 772 

6 

j Jlontesirar 

3 22 

14 651 

15 322 

60 708 

7 

j Katwa 

' 3 21 

13 520 

1 

9 535 1 

' 62 718 


10.0W^pi£nonx“"“’ ^ tepr«ent the averase of the 3Si mortality rates p«r 
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DxsTnicT 




CONTEIBtmoif TO 


Numbtr 


Thana 


Average of the 
384 mortality Monthly 
rates per 10,000 variance 
population 


Yearly 

vanance 


Beadual 

vananco. 


Burdwan diatrtct—condd 
Purbaathah 
irangalkotu 
Ketugrum 
I Kalna 
Asaiibul group 
Raniguiij group 
Jumalpur 
^ Kama 

BanLura dulncl 
Simlapal 
Oncla, Taldaiigra 
Borjora group 
Khatra group 
Bankura group 
Biahniipur group 

» 

Alidiiapur dislriU 


0 09 

0 98 

1 71 
3 29 
1 46 
1 46 


10 646 
19 620 
14 481 
4 429 
1 996 
1 012 
0 712 
0 679 

0 262 
0 080 
1 212 
1 629 
0 441 
0 668 


7 663 
10 564 
6 772 
2 426 
6 606 
6 031 
0 924 
1486 

0 646 

0 711 
4 047 

20169 
2 168 

1 042 


46 441 
88 488 
62 008 

20 468 
28 210 

21 420 
7 224 

5 838 

6 564 
2 430 

18 045 
11070 
7 084 
2845 


1 

Maslandpur (Maisadal) 

1 4 70 

1 9 467 

7 604 

48 717 

2 

Egra and Cental 

1 4 44 

14 942 

5 940 

24 644 

4 

Narayangarh Kealuary 

1 1 04 

0148 

1 474 

5 873 

4 

Nandigram 

6 08 

11 179 

0 679 j 

10 076 

6 

Tamluk and Moyna 1 

4 00 

0 782 1 

0 406 

7518 

6 

Rainnagar 

j 

1711- 

i53 

87 240 

’ 

Bhagwanpur and Khejri 


16 17. 

"" 1 

29^100 
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Table II — cmitd 


\ 

Number 

— 

Distbict 

JIeak 

Average of the 
384 mortabty 
rates per 10,000 
population 

CoNTBIBUnON TO 

Residual 

vonanco 


Thana 

Monthly 

variance 

Yearly 

variance 



Mtdnapur district — conoid. 





8 

Midnapiir rural 

1 10 

0 217 

0 820 

6161 

0 

Dobra 

197 

0 636 

1 160 

6 286 

10 

Keahpur 

1 87 

0 477 j 

1 761 

9-703 

11 

Salbam 

0 62 1 

0 024 

0 166 

1 146 

12 

Garhbetta 

0 81 

0113 

0 304 

2 776 

la 

Daspur 

' 2 30 

1 601 ' 

1 885 

8 323 

14 

Dantou and Mohanpur 

286 

0 394 

6 886 

16 106 

15 

Pmgla and Sabang 

2 48 

1 214 

14ir 

6 960 

16 

Kharagpur 

' 0 86 

0 000 

0 427 

1761 

17 

Chandrakona 

j 125 

0 010 

0 051 

0-707 

18 

Gbatal 

, 212 

0 865 

3 263 

21 700 

19 

1 

Panskura 

1 JOl 

2 132 

3 166 

9 261 

20 

1 

Gopiballavpur group 

0 80 

0 026 

j 0 237 

0 064 

21 

1 

Sutahata 

450 

6 417 

6 643 

24 676 

22 

1 

Pataspur 

4 23 

4 295 

6 704 

86 926 



2i-Parganas 

i i 

1 I 




1 


Falta 

3 67 ' 

8 890 

4 203 

25 814 

2 


Diamond Harbour 

406 

16 661 

4 751 

33 676 

3 


Deganga 

1 08 ' 

1 

4 109 

1 082 

27 233 

4 


Magrahat 

i 6 11 

33 684 

11‘298 

74 607 

S 


Bishnupur 

, 3 36 

7 842 

, 2 046 

17 630 

6 


Bhangar 

j 303 

4-976 

1 2364 

22 767 

7 


Haroa group 

400 

12 273 

6 603 

18 316 

8 



Habra 

1 233 

J 6 014 
\ 

1 204 

18 604 
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Table II — contd 

■DisnucT 


Nuinbir 


1 

2 

3 

4 
6 
6 
7 




8 

0 

10 

11 

13 

13 

14 

15 

1 

2 

3 

4 
6 
6 


Burdican district— 
Purbiisthah 

Kctugrum 
Kabi i 

.Vsuiibol ^roup 
liuaiguiij group 
Jauaalpur 
Kama 

BanLura district 
Simlapal 
Onda, Taldaiigni 
Borjora group 
Kbatra group 
Bankura group 
Biahnupur group 

Atuliiajiur district 
Jlaslaudpur (Maisadal) 
Egra and Contai 
Narayangarh Keshiary 
l^an digram 
Tamluk and Moyna 
Ramnagar 

Bhagwanpur and Khejn 


concid 


Mla> 


Average of the 
38-1 mortality 
rates per 10,000 
population 


Contbibution to 


Monthly 

variance 


Yearly 

variance 


Eeadnal 

vanancc 


3 38 
3 55 
3 13 
3 41 
1 60 
1 60 
1 45 
1 65 

0 90 
0 08 

1 71 
3 20 
1 45 
1 35 

4 70 
4 34 
1 03 
6 08 
400 
4 97 
6 22 


I 10 646 
19 620 
14 481 
4 439 
1 996 
1 012 
0 712 
0 679 

0 262 
0 080 
1 313 
1 629 
0 331 
0 668 


9 367 
14 933 
0 148 
11 179 
6 782 
17 111 
16 176 


7 663 
10 564 
6 772 
2 426 

5 606 

6 931 
0 923 
1485 

0 635 

0 711 
4 037 

20169 
2 168 

1 033 


45 441 
88498 
62D09 
20 368 
20210 
21 320 
7-224 
5 889 

6o64 
2 330 
18 035 
11079 
7 084 
2 945 


7 664 
6 940 
1 473 
9 679 
6 396 
9 663 
9 303 


48 717 
23 034 
6875 
19 070 
7 648 
87 240 
29100 
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T.\:ble II — contd 



DlbXBICT 

IIean 

CONTBIBUTIOS TO 1 

Hesidual 

vanance 

Number 

Thana 

Average of the 
384 mortality 
rates per 10,000 
population 

^lonthly 

variance 

Yearly 

vanance 

r 

Uooghly district 





1 

Arombagh and Pnrsoora ' 

1 78 

0 408 

1 713 

8 780 

2 

Kri‘<linigar (Jangjpara) 1 

1 18 

0 629 

0 ICO 

2 201 

3 

Dadpur group ^ 

1 81 

1 760 

1 181 

1 

0 201 

4 

Serampur group | 

1 84 

8 118 

0 829 

2 013 

n 

Hooghly and Magra 

2 11 

2 871 

1 059 

16 002 


Tarakeswar and Hanpal 

170 

1 233 

0 768 

0148 

7 

Pandua 

183 

1410 

0 443 

0 240 

8 

Kbanakul 

2 23 

1 119 

2 343 

19 008 

0 

Balgarh 

2 50 

5 777 

2 605 

20 073 

10 

Goghat group 

142 

0 709 

1 131 

0134 


Hoicrah dulrici 





1 

Shampur 

5 13 

14 648 

7 111 

26 530 

0 

Ulnbena and Bowrm 

434 

8 407 

4 469 

18 721 

3 

Amta and SmgU 

2 70 

1427 

1 910 

11997 

4 

Domjur group 

3 13 

2 592 

2 005 

8197 

6 

Jagatballavpur group 

3 29 

4 187 

2 768 

16 973 

6 

Bagnan 

i 4 ID 

0 990 

3 785 

16 020 


Baclirganj district 

I 




1 

Nalchiti 

2 09 

9 983 

2 486 

19 313 

2 

Backergauj 

2 18 

6 822 

1 435 

12 009 

3 

Pirojpur 

2 52 

10 238 

6 404 

29 368 

4 

Sarupkati 

1 88 

3 330 

1372 

8 229 

6 

1 JIathbana 

348 

12 660 

9 813 

67 919 


Bhandana 

1 2 91 

10 499 

6 425 

29 781 

7 

Patuakhab 

3 27 

18 626 

3 648 

31 241 

8 

Banpbal 

2 70 

5 688 

1 670 

9 493 

9 

Amtoh 

244 

13 098 

3 371 

34 364 

10 

Golacbjpa 

3 02 

13 031 

4653 

23 401 

11 

Bari sal 

2 71 

9 897 

1794 

24 768 
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Table II - — concld 


Number 


District 


Thai\a 


BacUrganj i/M/ricI— eoncJrl 


j^tthendiganj 
^3 dhaJakati 

Bholiv 

A^kIiii dntrirt 

i Na 3 apara 
~ Daniurhiida 

3 C’hundnngn 

^ nnngani 

^ Knshnaganj 

® fliapnv and Knshnngnr 
7 1 fiantipur 

3 I Nakasipara 

0 Tehatta 
^0 Kaliganj 

^ ^ Ranaghat 

^2 I Kanmpur 

13 Daulatpnr 

14 Alamdanga 

15 Kumarkhah 

IS Meherpur 

13 Chakdahu 

13 I Kufltiua 

IS I Hanskhab 
20 Jibannagar 


CONTEIBOTIOH TO 


Avemgo of tho 
J8t mortality 
mtca per 10,000 

population 


^fonthly I Yearly 
variance j variance 


Eesidnal 

vanance 


14 843 
13 105 
13 832 
11 608 
12 100 
13 301 


10 276 


lllOCO 


10420 
13 367 


MAP OF SOUTH-WESTERN 
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The results shown in Talilo II are interesting In almost aU the centres the 
mean montlily and yearly variances are significantly greater than the respective 
residuals, vhen tested by means of Z-test This shows that seasonal and yearly 
factors govern most of the variation in cholera incidence in these ihanas 

In none of the tlununi yearly variation or both yearly and monthly variations 
are insignificant In one Ihana only, namely Kharagpur, monthly vanance is 
insignificant 


Contiguous thanas in ivJncJi, after separation of the monthly and yearly 
lanances, the rcnduah aie small and large respectively 


AFeav vapicnce 


Jlidnapur district 

Monthly 

r 

Yearly 

Residual 


r Tamluk cum Moyna 

224 5G0 

84 284 

7 648 

(1) 1 

1 

I- Maslandpur (Mnisndai) 

’ 348 453 

^ 140 008 

48 717 

1 

r Puigla cum Sabfing 

46 804 

23 896 

0 909 

(2) j 

1 

- Pataspur 

223 368 

1 

107 448 

86 920 


In the case of Maslandpur and Pataspur, separation of monthly and 
variances from the total vanance did not result m the reduction of the xMic ua 
vanance to the extent that it took place in their respective neighbouring 
Thus in case of both, further investigation seems to be necessary to explain 
the residual vanance should remam so high The fact that, even between 
bounng thanas, figures for the residual vanance show such difierences 
emphasize the necessity of re-castmg the adnumstrative umts into areas o si 
cholera experience before systematic study can be imdertaken This 
questions, namely how many and which thanas may be included m eac 
without mtroducing defimte heterogeneity and how to estimate 
the combined areas The method adopted for the solution of these pro ^ 
the tnvanate analysis of vanance The procedure adopted in this ana y 
summarized m Table III : — 



Table III 

Tnvatiale analysis of varutnce 
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S means summatiou over all tlic values ^uiw means the monthly value of a 
particular year and thana, x means the mean when months and years are 

suppressed in any iluina, x^ the mean obtained by suppressing only years and 

thanas, x ^ the mean obtained by siiiipressing the months and thanas In the 

same way x ^ denote respectively the means obtamed by suppressing 

lliami, mouth and year The contribution that each source of variation makes 
to the total variability is shown m the last column We suppose m general 
that n thanas are grouped 

By this method the variation is spht up into seven components described below 
and the significance of the first si\ may be tested against the residual by Z-test 


SoLTKCi, OF VAKIATION 

1 Between means of thanas — this gives an estimate of the difference between 
the various centres constituting the thanas 

2 Between means of months — this is an estimate of the importance of 
seasonal factors over the whole group of thanas 

3 Between means of years — this measures the epidemicity of the group as a 
whole 

4 Interaction between thanas and months — this measures the eident of 
similarity between thanas as regards the seasonal incidence m each of them. 

6 Interaction between thanas and years — this measures the extent of 
similarity of expenence of various thanas with regard to their epidemicity 

6 Interaction between months and years — this gives a measure of the 
similarity of mean seasonal curves from year ,to year considermg the group us a 
whole 

In order to form cholera distncts a number of contiguous thanas, which oa 
inspection appeared to be similar, were grouped together and the tnv^ae 
analysis was earned out On testing a few groups, by this method it was lo^ 
that Fisher’s Z-test as a criterion for significance was too stnngent for 
data A simpler procedure was therefore adopted which consisted of the ca cu a 
tion of the percentage contnbution made by each source of variation ® 
total vaxiabihty The group was considered homogeneous if the percen o 
contributions of (1), (4) and (6) fell below 6 per cent of the total vanance^ 
The grouping was first earned out by a companson of the charactenstics 
contiguous thanas by inspection and the group was subj ected to triva 
analysis In case the various estimates were too high to permit their ug 

certam thanas were excluded till by a process of trial and error the 
obtained were satisfactory The homogeneous distncts as finally worke 
are shown in Table IV and Map 2 
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Midnapur Clmndrakono, Kcshpur 

Hooghly Gogliat, Arambagh, Pandua, Danialdiali group, 

TarokcsH or group, Sorampur group, Krisbnagar, 
Hooghly group 
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of Cholera Bengal 




I Kolaroo, Satkhjm, Kniiganj group 
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It will be observed that the size of the districts so formed is very variable 
and m certain areas a single thana constitutes a district It is also obvious 


Map 2 

MAP OF SOUTH-WEST BENGAL SHOWING AREAS OF 
HOMOGENEOUS CHOLERA MORTALITY EXPERIENCE 

(FOR THE PERIOD 1901-1932) 

{Dotted hnes indicate boundaries of the 
adnnmstralive districts ) 



that there is no correspondence between the admimstrative and the 
districts 
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Epidcjuoloqical characteristics of the hojioqeneous 
CHOLERA districts 

I Mean incidence {vide Map 3) 

It will be seen that with the exception of district No 10 which shows low 
incidence all the deltaic districts show moderate to high incidence, while the 
western distncts have a lower cholera mortality 


Map 3 

MAP OF SOUTH-WEST BENGAL SHOWING THE MEAN 
INCIDENCE OF THE HOMOGENEOUS 
CHOLERA DISTRICTS 
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II Seasonal curves {vide Map 4) 

The general description of the vanons tj’pes of the curves has already been 
given in a previous communication (Lai et al , Joe cit ) 


Map 4 

MAP OF SOUTH-WEST BENGAL SHOWING SEASONAL 
CURVES FOR HOMOGENEOUS CHOLERA DISTRICTS 

(FOR THE PERIOD 1901 -1932 ) 
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III Seasonal laruibility —The characteristics of the districts with regard 
to the seasonal ^a^ablllty are shown in Map 5 Sonic of the districts showing the 


Map 5 


MAP OF SOUTH-WEST BENGAL SHOWING THE SEASONAL 
VARIANCE OF THE HOMOGENEOUS 
CHOLERA DISTRICTS 



Ugh incidence such as Nos 8, 17 and 15 exhibit a greater seasonal 
ine ma]onty of the districts, however, are subject to minor seasonal 


fluctuation 

variation 










MAP or SOUTH-WEST BENGAL SHOWING THE DECLINE OF 
CHOLERA IN THE HOMOGENEOUS CHOLERA DISTRICTS 
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Summary 

1 Taking thaiia as a unit the total variability of cholera incidence has been 
spht up into three variables, viz seasonal, yearly and residual, by the method of 
analysis of variance 

2 Contiguous (lianas showing similarity m respect of different types of vana- 
tion, mean cholera mcidence and t)T3e of seasonal curve have been combined and the 
distncts so obtained tested for homogeneity by trivanate analysis of vanance 
Those satisf)ung tests of homogeneity have been constituted into cholera districts 

3 The sizes of the homogeneous cholera districts vary from individual thanas 
to a combmation of 20 centres The boundaries of the cholera districts and the 
administrative districts do not correspond 

i The epidemiological characteristics of the homogeneous cholera districts 
have been generally discussed 

6 It IS beheved that the re-distribution of the area into homogeneous 
cholera distncts gi\e3 a basis for investigation of the underlying factors in the 
natural history of cholera which are responsible for the observed variations 
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In the previous communicatiou (Lai et al , 194:16) the total vanabihty of cholera 
mortahty in a locahty has been spht up into three components, viz (1) monthly, 
(2) yearly and (3) residual variances, and the results so ohtamed have been utihzed 
m the formation of homogeneous cholera distncts and the description of other 
epidemiological characteristics Here vre propose to utihze, for the purpose of 
studymg the epidemic and endemic nature of these homogeneous cholera distncts, 
the results ohtamed by the method of analysis of variance 

An area can be said to be endemic for cholera when the disease is constantly 
present and it is said to be non-endeimc when long intervals of time separate the 

( 465 ) 
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occurrence of outbreaks An endemic area may be subject to epidemic visitations, 
the intervals showing relatively low incidence of cholera The essential feature of 
endenucity is contmmty in time of disease prevalence though, from the practical 
point of view, the intervals between outbreaks never tend to zero ‘ Endemic ’ 
and ‘ non-endemic ’ are relative terms, the interval in the case of the former being 
sufficiently short to permit of the assumption of persistence of infection in the 
commumty and, in the latter, the interval being of such duration as to suggest 
that infection died out In regard to endemicity, therefore, we have to take into 
consideration intervals of absence of cholera both within and between the years 
during the period under investigation We have to exanune the distnbution of 
cholera figures against time as a variable, in order to deterrmne whether infection 
has been persistent or not Discontinuity of infection can be judged only from 
the absence of cholera mortality figures and certain arbitrary standards have to 
be prescribed 

We caimot, however, strictly apply the above cnterion of endenucity to the 
homogeneous districts As each distiict is composed of several thanas, it is 
highly improbable that there will be absence of cholera mortahty simultaneously 
in all the thanas over a number of consecutive months As a matter of fact, 
in the case of homogeneous districts with more than one thana absence of 
cholera mortahty even for two consecutive months is very rare Smce aU the 
cholera deaths occurnng m the constituent thanas of a district are added up, 
the fact that a single tham registered cholera deaths, while the others were 
entirely free from cholera mortality, would mean that in our analysis we will 
have to assume the persistence of infection for that particular month over 
the district as a whole Such a procedure emphasizes the random behaviour of 
one or two thanas in a district, while it completely ignores the behaviour of 
the majority of the thanas in the district In order to get over this difficulty 
the following procedure has been adopted • — 

For each thana a frequency distribution was prepared showing the occurrence 
of varying periods of absence of cholera deaths These distributions are presented 
in Appendix I The frequencies correspondmg to each type of mterval nere added 
for all the thanas constituting each homogeneous cholera district It is likely 
that the total frequency for any particular mterval may be correlated with two 
factors, namely, the total population of a homogeneous district and the total number 
of thanas included in the district In order to allow for the effect of these two 
factors, the data for the 19 homogeneous districts have been used to work out a 
multiple regression equation for each type of interval Table I gives the partia 
regressions together with their respective standard errors and the corresponding 
values of t, begmmng from a period of one month to a period of 14 months 
during which there were no cholera deaths As intervals above 14 mont s 
are very rare the analysis was not earned out beyond this interval 

The number of degrees of freedom available for the calculation of the standard 
error in each case is 16 because the number of districts is 19 The expecte 
per cent value of t for 16 degrees of freedom is 2 120 



Satya Swaroop, K C K E Raja, R B Lai and K C Basal 467 

Table I 


Regression of frequencies of interialsfor uJncJi cholera teas totallg absent on 
‘population and number of thanas , standard error of 
regiession and lalue of t 



POPtrmTlos 


Nujibeb of ihanas 


of 

months. 

Besresaion 

Standard 

error 

1 

Regression 

Standard 

error 

1 

1 

+ 0 00005S44 

0 0000229 

1 

1 

2 422 j 

+ 14 0729272 

2 4297 

6 039 

2 

-0 00002050 

0 0000170 

1 204 ^ 

+ 11 0622626 

1 8073 

0129 

1 

-0 00002403 

0 0000157 

I 587 

+ 7-9308171 

1 6074 

4 700 

4 

-0 00005227 

0 0000134 

3 015 

+ 8 7533745 

14170 

0 178 

5 

-0 00005047 

0-0000134 

3 758 

+ 8 0105534 

1 4268 

5 624 

fl 

-0 00003242 

0 0000071 

4 586 

+ 4 9400756 

0-7409 

0 588 

7 

-0 00001495 

0 0000046 

i 222 

+ 2 2223347 

0 4929 

4 509 

8 1 

-0 0000191G 

00000040 1 

4 826 

+ 2 6782567 

0 3973 

0 741 

fl 

-0 00001193 

0 0000033 

3 571 

-r 1 7094637 

0 3646 1 

4 935 

10 

-0 00001277 

0 0000019 

6 650 

4- 1 5722084 

0 2036 

7 723 

11 

-0 00000392 

0 0000015 

2 678 

+ 0 4806897 

0 1619 

' 3-025 

12 

-0 00000281 

0 0000084 

3 341 

+ 0 4380674 

0 0888 

4 933 

I 

13 

-0 00000537 

0 00000083 

6 466 

+ 0 1414488 

0 0882 

j 1694 

U 

-0 00000693 

0 00000069 

10 0390 

+ 0 1201985 

0 0730 

1647 

It vnU be noticed from Table I that the size of tbe population bas no significant 
effect on tbe frequency of intervals of two montbs and three montbs On tbe 
other band tbe number of tJianas constituting a homogeneous distnct appears to 
have no sigruficant effect on tbe frequency of intervals of 13 and 14 months 
In these cases better result is expected by dropping tbe independent vanable 
corr^pondmg to which tbe regression is not significant and adjusting tbe re<n:es3ion 
for tbe other vanable Tbe adjusted regressions are given m Table 11 ° 

J, ME g 
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Table II 


Adjusted regres^ons 


Inten al 
m 

months 

Population 

h 

Inten'al 

m 

months 

Xumber of 
tluina^i 
b. 

13 

+ 0 000000710 

2 

+ 9 016666 

14 

4- 0 000000372 

3 

+ 5 448906 


We can now calculate the expected frequencies of intervals of one, two, up 
to fourteen months for each homogeneous distnct from the following regression 
equation — 

y = {y — l>l — ^2 ^2 ) + a;} + ^2 

where y — expected frequency 

y = mean of observed frequencies for 19 homogeneous districts 

031 = mean of population of 19 homogeneous districts 

032 = mean of number of thanas m 19 homogeneous districts 

031= population of a homogeneous district 

a:2= number of thams in a homogeneous district 

In the case of intervals where frequencies of occurrence are not afiected by 
either of the variables, population and number of thanas, we have to modify the 
above equation by leaving out that particular vanable and using the adjusted 
values for the regression due to the other variable From these regression equations 
the expected values of the frequencies of diSexent intervals were calculated distnct 
by district As it is impossible to have negative frequencies, these were treated 
as zero and the difference between the expected and the observed values (expected- 
observed) IS given in Appeoidzx II The positive or negative values of these 
difterences wiU show whether the frequency of a particular mterval in a district 
is in excess or in defect of what is likely to occur normally, after due allowance has 
been made for the size of the population and the number of thanas of the distnct 
This leads us to the following criterion of judging whether a homogeneous distnct 
13 endemic or non-endemic 

A homogeneous district is to be classed as endemic or non-endemic accordmg 
as the mean of the differences for aU the intervals is negative or positive A break 
of a single month, however, may be due to pure chance alone, and therefore t le 
difference corresponding to the interval of one month has been left out in 
calculatmg the mean difference 

Table m gives the mean difference for each homogeneous distnct and the 
classification of the homogeneous distncts into endemic and non-endemic areas 
accordmg to the above cntenon {mde Map) 



-r- n u F Raia R R ^ ^ Baml 469 

Satija Smroop, K C K E 


Q 

X 


Z 

< 

0 

X 

> X 

^ J 

a > \ 

> 

H 

cc (i3 

y > i 

°z S > 

O 

^ cn 

Sp H' 

III" 

L-1 ^ 


O 1 

Z Li3 


a 

? Q^ 

t! 0 _' 


U X 

^ > 

52h 

l?5 

Si ^ 

Ui > ' 

^51 

^ C tO 

UJ U> - 

Q > I 

UJ S*5 

nfe B 

Z tSuJ 

o c U) 

5: j > 



470 


E'ptdemiology of Cholera in Bengal 

Table III 

Mean difference and cndeniiciiy of homogeneous dislncts 


Homogeneous 

distriet 

1 

Mean 

(lifToronce 

Fnclomieity 

1 

1 

I -t- 8 6965 

Hon encleniic 

2 

-1- 3 1749 

do 

3 

1 -1- 7 8239 

do 

4 

+ 6 6871 

do 

6 

+ 2 4324 

do 

0 

-8 0834 

Endemic 

7 

-16 2268 

do 

8 

-1 1419 

do 

9 

+ 1 0438 

Non endemic 

10 

+ 0 7332 

do 

11 

2 4183 

do 

12 

+ 0 9989 

do 

13 

-1 9824 

Endemic 

14 

-3 2463 

do 


-1 2889 

do 

16 

-0 8839 

do 

17 

-1 6237 

do 

18 

-1 6040 

do 

19 

-F 0 0084 

Non endemic 

1 




Out of the 19 homogeneous districts mne are endemic Of these, again, 
two districts, namely Nos 17 and 18, are isolated thanas, while the seven other 
endermc districts form one continuous tract of land near the Bay of Bengal 

In the foregoing method of classification of homogeneous cholera districts into 
endemic and non-endemic areas we have ehmmated the effect of population and 
number of thanas in a district It may be considered more logical to ehminate the 
effect of the area of a district rather than to the number of thanas included in the 
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dibtncfc In order to investigate tins point partial regressions have been norked 
It .Mth area and population as the independent variables From the values of t 
»i\en in Table IV, i\e can judge the sigmacance of the partial regresaon 


Table IV 

Values of t for testing the significance of partial regression due to popu- 
lation and area 


Interval 

of 

months 

Alta 

1 

1 Vu-OES OF t 

1 Population 

1 

1 

' 2 221* 

3 708* 

2 

3 703* 

0 404 

i 

2 483* 

0 771 

4 

1 807 

2 091 

5 

1810 

0 673 

0 

1 857 

4 677 

7 

2 737* 

1 002 

8 

' 1 721 

0 823 

9 

' a 147* 

1 850 

10 

2 149* 

1 011 

11 

2 533* 

2 051 

U 

i 0 415 

0 513 

13 

4 078* 

2 478* 

14 

3 977* 

2 874* 

( 


* Ao(c — \alue of t marked with an 
asterisk is si^ificant at the 6 per cent level 


A comparison of Tables I and V 11 onld show that on the whole a better result 
would be obtained if the regression equation contains the number of iJianas and 
not the area 

A third method of approach towards the same problem would be to treat each 
homogeneous distnct separately and eliminate the effect of population and area of 
the tlianas in a district on the frequency of the difiereut intervals of absence of 
cholera mortahty 

Such a procedure would necessardy require that each distnct should consist 
of a number of tlianas This is, however, not the case There are a number of 
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homogeneous districts each of which consists of one tliana only We have neverthe- 
less worked out partial regressions foi each homogeneous distnct having sufficient 
number of tJuinas, with population and area as the independent variables The t 
test apphed to these regressions has failed to establish their significance m all the 
cases Thus, we may conclude that with the available data the first method 
ot classification wiU perhaps give the best result 


Next the problem was to provide for objective measures for the further sub- 
division of the endemic and non-endemic areas on the basis of their varying chances 
of epidemic outbreaks The frequency of epidemic outbreaks is likely to vary horn 
area to area both in the case of the endermc and of the non-endemic areas Pot 
formulating a scheme of classification we are concerned with the yearly variance 
values and not the monthly and residual variances The monthly vanance gives 
an average measure of the vanabihty of mchvidual monthly values round each 
yearly mean without reference to the distribution of these values m relation to time 
Hence the monthly vanance does not give, by itself, a measure of endenucity or of 
contmuity of infection The monthly vanance was not therefore considered m our 
earlier discussion regarding endenuc and non-endemic areas On the other hand, 
the yearly vanance has a defimte bearmg on the problem of epidemicity in view of 
the fact that the mean yearly incidence is bound to vary widely from year to year 
when a locality is subject to epidenucs The proposed subdivision of endemic and 
non-endemic areas, on the basis of smaller and greater chances of epidemic 
visitations, has therefore to be earned out on the values of the yearly variance 

In connection with formulation of suitable methods of forecast the penodicity 
of cholera mortahty was investigated by periodogram analysis In no case was 
any periodicity demonstrated Epidemic outbreaks may be considered to be 
deviations from the normal cholera experience of the locality under investigation, 
whether it belongs to the endemic or non-endemic group Eailure to demonstrate 
periodicity in cholera prevalence may therefore be interpreted as a suggestion 
that the outbreaks of epidemic aie random occurrences If this be so, the 
application of levels of probability based on the standard error of the mean 
yearly variances may be made the method of subdivisions of the endemic and 
non- endemic groups ' 


Before we can set up these levels we have to see if the yearly variance of a 
homogeneous district is influenced by the mean incidence, population and number of 
tlia'iias of the district Thiee correlations ivere worked out between yearly variance 
and each one of the other three factors The values of the correlations are — 


Correlation between 
yearly variance and 

Coefbcient of 
correlation 

Mean incidence 

0 0306 

Population 

0 0007 

Number of thanus 

0 0604 
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Noue of tlic coofhcicuts is sigiuficaut 

Thus, on the evidence we have before us, we shall be justified in assuuung that 
the outbreaks of epidemics are random ocourrences 

The lueau of the 19 yearly variances is 484 17 and their standard error is 
611 89 With such large value of the standard error we have taken eighth part 
of it as the basis for our levels Writing m — 484 17 and s = 76 49 (one-eighth of 
611 89) we have chosen the following levels of epidemicity for both the endemic and 
the non-endemic areas — 


Epidcmioitj Raugo of j early \ ariaucc * Value of range 


Very high 

' III -4- Sa and higher 

7 Id 04 and higher 

Higli 

m -1- a to m -(- 3» 

' 600 80 to 713 04 

ilodcrate 

HI -f- s to m — n 

1 

407 08 to 600 00 

Low 

HI — da to lit — a 

254 70 to 407 08 

Very low 

1 HI — 3s and loner 

254 70 and loner 


A classification of the endemic and non-endemic areas on these lines is given 
in Table V - 


Table V 


Classification of homogeneous districts into endemic and non-endemic 
areas with varying degrees of epidemicity 


Homogeneous 
diatnot number 

Endenucit 3 

Degree of 
epidemicity 

I 

1 ^ 

1 Hon endemic | 

I 

1 High 

2 

' 1 
! 
1 

Very high. 

d 


>» »> 

4 


j Low 

5 

1 

1 Very low 

0 

' Endemic ] 

1 Low 

7 

1 

j Very high 

8 

ft 

! ’ 

0 

Non endemic 

1 Very low 


1 
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Table V — concU 


1 

HomogeiiLOUB 
district number 

Endemicity 

Degree of 
epidenucity 

10 

Non endemic 

Very low 

11 j 


Moderate 

12 

tf 

Very low 

13 

Endemic 

Very high 

14 

)> 

Very low 

IB 

tp 

1 

tf ft 

10 

» 

ft ft 

17 

f» 

f> ft 

18 

ft 

ft » 

19 

Non endemic 

ff ft 


SUMMABY 

The endemicity and epidenucity of the cholera homogeneous districts have 
been investigated A frequency distribution of varying intervals of absence of 
cholera has been worked out for each thana individually and for the tJianas 
constituting each homogeneous district collectively Since the gross endemicity 
so determined is subject to variations due to difierences in population, area 
and the number of tJiunas constituting the districts the efiects of these factors have 
been ehmmated by the method of partial regression The net endemicity so deter- 
mined has been used to classify the homogeneous districts into endemic and non- 
endemic Using the yearly variance as a measure of epidemicity the homogeneous 
districts have been cb^n,ded into five arbitrary groups Thus, the epidemic and 
endemic characters of various homogeneous cholera districts of south-west Bengal 
have been defined 
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APPENDIX n 


Statement Niouing the (leiialioim of nmtthhj and yearly lariances 
of the obsened respcctiie lalues {Correclicni for larytng 
-- lalues of mean incidence m each centre ) 


Xumber 

1 

District and centre 

Monthly 

\armnco 

(ohscrml 

expected) 

' \ early 

\anjinco 
(observed 
expected) 


Birbhuin 


1 

1 

Jlayureshwar 

-0 0C8 

+ 7 748 

2 

Xanoor 

+2 070 

+ 3 770 

3 

Rampurbat 

-0C92 

+ 7 034 

4 

Xalhati 1 

—3 054 

+ 3 341 

5 1 

1 Sim group 1 

—0 566 

' +6 168 

« i 

Labpnr 1 

-1 732 

+0 120 

7 

Jlutaroi 1 

-1 soo 

[ 

+ I 067 


Burduxm 



1 

Khamlaghosh 

1 

“OOW 

-0154 

2 

Ausgram , 

+ 0 232 

+0 002 

3 

Burdmn group 

' -r0 924 

-0 785 

4 

Gahi 

-0 205 

+0 320 

S 

Kaksa 

1 1 

+ 1 784 

1 

1 -rO 796 

6 

1 ’'lonteshnar | 

1 +4 085 

+ 9 800 

7 

1 Katwa 

' +3004 

+4 121 

8 

1 Pnrbasthali 

-0 015 

+ 1 874 

9 

' 'Nlangalkotf 

1 -Looia 

+4 416 

10 

1 Ketugram j 

1 +4 400 

+ 0 534 

11 

Kalna | 

1 -1201 1 

1 1 

1 -0 850 

12 

Asansol „roup 

1 +0 808 

1 +3 406 

13 

j Ramganj group j 

+0 467 j 

i +4 02b 

14 

Jamalpur 1 

+1 120 1 

1 -0 647 

15 

j Bama j 

-0 157 j 

1 -0 523 


( 477 ) 
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APPENDIX //— contd 


Number 

District and centre 

Jlonthly 
■V ananco 
(obber\ed- 
expectcd) 

Yearly 

vanauco 

(observed- 

expected) 

1 

Banhura 

Simlapal 

+ 3 517 

-0 033 

2 

Onda, Taldanga 

+ 3 384 

+0 160 

3 

Barjora group 

+ 0 011 

+ 1901 

■1 

Khatra group 

-3 207 

+ 16 756 

6 

Bankura, Cbatnu 

+0 690 

+0 683 

6 

Vislinupur group 

+ 1 670 

-0 329 

1 

Mtdiiapore 

Maisadal 

-10 390 

-1 002 

2 

Egra, Contai 

-2 643 

-1 944 

3 

Narayangarb group 

-0 602 

-0 604 

4 

Nandigram 

-10 880 

+ 0 203 

6 

Tamluk, Moyna 

-8 593 

-0 729 

0 

Ramnagar 

-4 286 

+0 410 

7 

Bhagwanpur group 

-6 782 

-0 489 

8 

Midnapore 

+2 773 

+0 006 

9 

Debra 

-2 326 

-1 660 

10 

Keshpur 

-1 764 

-0 761 

11 

Salbam 

+ 6 138 

+0 593 

12 

Garbetta 

+4 482 

+0 128 

13 

Daspur 

-3 268 

-1 538 

14 

Danton group 

—7 888 

+ 1 268 

15 

Pingla group 

—4 654 

—2 368 

16 

Kharagpm 

+4 047 

+0 118 

17 

Chandrakona 

+ 1 666 

-1083 

18 

Ghatal 

-2 886 

+0 219 


h 
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rnbcr 

District ami centre 

Monthia 
\arianco j 
(observed ! 
expected) j 

Ycarh 
% ariance 
(observed 
expected) 

1 

J 

Zltdnapore — concid 



i 

19 1 

Panskura 

~7 m 

-ISOS 

20 , 

Gopiballavpur 

+5 929 

+0C0I 

21 1 

Sutahntta 

-12 071 

-2 576 

11 

Patashpur 

-12 779 

-4 044 


24 Paroanni 



1 

Fait a 

-4 492 

-2 400 

2 

j Diamond Harbour 

-0 245 

-2 521 

3 

I Deganca 

-rl 323 

-1 012 

4 

1 Magrabnt 

+ 11 390 

J-l 739 

1 

0 

j Bishnapnr 

j -3 627 

-3 704 

0 

j Bhangar 

-4 426 

-2 648 

7 

Haroa group 

-3 120 

-0 627 

S 

Habra 

-1-0 920 

-2 302 

9 

Sonarpur 

-1 123 

—2 975 

in 

Sarupnapar jiroup 

+ 10 375 

' -2 737 

11 

Baruipur axnup 

-rO 933 

1 —3 757 

12 

Basirhat 

-L3 543 

-3 593 

13 

Xaihati jnxiup 

-0 365 

-2 207 

U 

ilatia 

-9 385 

+ 3 237 

15 

Kulpi 

-r 14 995 

-0 306 

16 

Behala 

— 15 597 

-2 499 

17 

Barasat 

— 1 535 

, -2 797 

18 

Barrackpore ^roup 

-2 642 

1 -0 151 

19 

j Jamagar 

-1-15 026 

1 -1-6 007 


i 

I 
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Number 

Disfcnct nnd centre 

Monthly 

\anance 

(observed 

expected) 

Yearly 

vanance 

(observed- 

expected) 


Khulna 



1 

Baighata 

-1 480 

-2 365 

2 

Damuria 

-6 666 

-2 317 

3 

Paikaclin group 

-3 437 

-1 811 

4 

Jlagura 

-4 315 

-2 660 

6 

Satkhira 

+5 809 

! -1 364 

0 

1 Kalaroa 

+ 1 283 

1 -1 242 

7 

Bagerhat group 

-2 307 

1 -2 452 

8 

Khulna group 

+ 0 279 

-3 861 

9 

Mollahat 

1 

+ 1 332 

-1 055 

10 

Jlorelganj 

+ 3 414 

-0 694 

11 

I Kaliganj group 

-1 512 

-1 380 

12 

ABasum 

+ 10 060 

+ 1 804 

13 

Ramphal 

-1 027 

-1 544 


HooghJy 

1 


1 

Arambagh group 

— 1 227 

-0 676 

2 

Krislinanagar group 

+2 676 

-0 792 

1 

3 

Dadpur 

-0 079 

-1 182 

4 

Serampur 

+7 360 1 

-1 165 

5 

Hooghly, Magra 

-0 849 1 

-1 964 

6 

Tarakesviar group 

-0 303 

-1 490 

7 

Pandua 

+ 0 648 

-1 539 

8 

Khanakul 

-3 319 

— 0 932 

9 

Balgarh 

-0 716 

-1 633 

10 

Qoghat group 

+ 1 266 

-0 387 
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APPENDIX //— contd 


l 

! 

dumber 

i 

1 

District nnd centre 

Monthlj 
vannnce 
(observed , 
expected) 

Yearlj 
vanance 
(obser% ed 
expected) 


Hoirmh 



1 

Shampur 

-7 833 

-2 478 

2 

Ulubenn group 

-8 122 

-3 413 

3 

Amta group 

-5 908 

-2 370 

i 

Dumjar group 

—7 423 

-3 233 

5 

Jagatballnvpur group 

-6 837 

-2 835 

6 

Bagnan 

-9 679 

-3 750 


Baclerjan] 



1 

Xalohiti 

+0 833 

-2 450 

2 

Backergan) 

' -rl 081 

-1 730 

3 

Pirojpur 

+3 992 

+2 493 

4 

Sarupkati | 

-1016 

-1 143 

5 

Jlathbana 

+0 492 

+3 854 

6 

Bhandana 

+ 1 840 

+ 1 604 

7 

Patuakhali 

-1-7 737 

-1 997 

8 

Bauphal 

-1 672 

-2 033 

9 

Anitoli 

+ 7 348 

-0 360 

10 1 

1 

Galachipa 

t3 691 

1 -0 347 

11 1 

Bansal 

+2 475 

-2 531 

12 

llehndiganj 

-0 456 , 

1 -2 604 

13 

Jhalakati 

+ 1610 ' 

j -1 439 

14 

1 

Bhola 1 

-4 901 

-0 447 

1 

j 

! 

Nadia 



1 

Xayapara 

-0 254 

-fO 438 

2 

Damurhuda 

-2 430 

+ 1932 



482 


Epidemiology of Cholera in Bengal 


APPENDIX 77— concld 


! 

Number 

^ District and centre 

1 

Monthly 

variance 

(observed 

expected) 

Yearly 

variance 

(observed 

expected) 

3 

Nadta — concld 

Chundanga 

-3 669 

-0 100 

4 

Gangam 

+0 491 1 

+0 781 

5 

Kjssengunj 

+4 079 

+0 354 

6 

1 Chapra group 

+0 669 

-1 386 

7 

1 Santipur j 

+0 902 

-2 122 

8 

NaLsipnra j 

+0 682 

+0 087 

0 

Tehatta 

1 

-fO 964 

+ 3 463 

10 

Kabganj 

+ 1 981 

+2 098 

11 

Ranaghat 

-0 066. 

-1 924 

12 

Karinipur 

+ 1 337 

+2191 

13 

Daulatpur 

+0 811 

+3 674 

14 

Alamdanga 

+0 087 

-0 840 

16 

Kumarkhali 

+ 1328 

-0 848 

16 

Moherpur 

-4 308 

+2 089 

17 

Chakdaha 

+0 693 

+3 443 

18 

! Kuethia 

1 

-0 087 

-2 736 

19 

Hanskbab 

+2 469 

-0 714 

20 

1 

Jibannagar 

-0 963 

-1 200 
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HEMOLYTIC STREPTOCOCCI IN THE THROAT OE 
APPARENTLY HE.VLTH Y PERSONS ITS IN CIHEN CE 
AND CAUSAL RELATIONSHIP TO 
PUERPERAL INFECTION 


BY 

S K CHATTERJEE, 

AND 

K N MITTER 

(Front the Bacteriophage Laboratory, Goiernmenl of Bihar, Patna ) 
[Received for publication llarch 31, 1041 ] 


WiTHD. receut years the importance of haemolytic streptococci in puerperal 
infection has been generally recognized Of all the different possible sources of 
infection investigated by numerous authors, viz Smith (1931, 1933), Courmont 
and S4daUion (1931), Paine (1931, 1935), Colebrook, D (1935), Hare (1935), Hare 
and ilaxted (1935), Colebrook, L , Malted and Johns (1935), Cruickshank (1935), 
the human respiratory passages seem to be the only important reservoir of those 
strains of hEemolv tic streptococci capable of causing severe puerperal infection The 
vast majority of them are due to the transfer of the orgamsms from the throats of 
contacts durmg or shortly after labour, durectly by droplet infection or indirectly 
through the use of soiled handkerchief, hands, basm, towel, etc Apart from the 
fact that the attendants sufiermg from apparent ‘ septic throat it is likely that 
they may be ‘ healthy earners i e persons whose pharynx harbour hsemolytic 
streptococci but show no sign of infection These orgamsms in healthy camera 
may giv e nse to a mild, severe, or even fatal infection when the environment is 
favourable The mere presence of haemolytic streptococci in the throat is not of 
any serious import unless it is shown that they possess characters similar to 
those strains recovered from defimte human infections 

Many workers have desenbed the presence of hmmolytic streptococci in the 
throat of normal persons in different countaes The percentage of healthy earners 
iia { 483 ) g 
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m a normal population vanes between 47 7 (Paine, 1935) and 7 7 (Blackburn el al , 
1930, quoted by Paine, 1936) So far in India the only observation has been 
recorded by Pasncha and Panja (1940) With the exception of few no endeavour 
has been made to determine the potential human pathogens 

Of the various methods which have been devised from time to time for the 
differentiation of hsemolytic streptococci of potential pathogemcity to man from 
non-pathogemc strains or strains of animal origin, the precipitin test of Lancefield 
IS now regarded as the most valuable 

The present work records a biochenucal and serological study of haemolytic 
streptococci isolated from the throat of apparently healthy persons to detenmne 
what proportion of them possess characters similar to those strains of defimte 
human infections 


SoUECE OF STRAINS 

Samples were taken from persons who had no apparent infection of the throat 
or any recent history of the same They consisted of medical students, hospital v 
and laboratory staff, handy women, patients confined in the hospital, hospital 
out-patients and nurses m the hospital 

Technique 

Swabs after moistemng them with 0 85 per cent sahne were rubbed over the 
tonsils and the posterior pharyngeal wall The importance of securmg a really 
effective contact between the tonsil and the swab cannot be over-estimated It 
IS for this reason that the swabs were taken in favourable circumstances by one 
accustomed to the techmque as stressed by Colebrook, D {he cit ) In summer 
the tubes contaimng the swabs were immecbately kept in a thermos flask contammg 
ice before bringing it to the Laboratory The swabs were moculated withm an 
hour in 5 per cent horse blood-agar plates and meubated anaerobically m McIntosh 
and Fddes’ jar for 18 to 20 hours at 37°C In the beginnmg, dupheate platmgs 
were made and meubated both aerobically and anaerobically The an^robic cultures 
gave a higher percentage of positive results and in no case was a positive result 
obtamed under aerobic condition which was not at the same time found positive 
under anaerobic condition So, latterly only one plate was used and incubated 
anaerobically A further advantage of primary anaerobic culture is that the haemo- 
lytic zones are very well defined and the growth of most of the other orgamsms 
IS inhibited so that them distinction and isolation are much easier 

It IS also particularly important to use horse blood as a standard techmque 
for the purpose of identification and classification of haemolytic streptococci (Brown, 
1919) Likely colomes were transferred to 5 per cent serum Hartley broth and 
morphology studied, and replated to be sure of them punty In some cases it was 
found necessary to replate when it was difficult to pick up isolated colomes, an 
subsequently the previous procedure was followed The cultures were stocke 
in Bobertson’s cooked meat media at 6°C 
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Not tested ± Faint reaction Tho last tlireo strains could not bo classified. 
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Exveuimental eroceduues 

Piepmalio-ti of piecipilm sw«— The method described by Lancefiold (1933, 
1938) was followed The antisera were tested against homologous or heterologous 
strains (Lancefield, 'jjersonal coiinnumcakon) and control tests were done with each 
batch of antisera with the group sera kindly supplied by Dr Lancefield 

PrejKi'iatioii of ext) act — The methods of Lancefield {loc cit) and Phuiimcr 
(1936) were followed 

Preciint%n test — In performing this test the more recent micro-technique of 
Lancefield (1938) with slight modification was adopted Small clear-glass tubes 
with, an internal diameter of about 3 mm were used for the test D and B sera were 
not used as a routine as groups of these organisms are not present in throat Only 
in three strains where no definite conclusions could be arrived at, we used D and E 
sera 

Final pH in 1 per cent dextrose hiOtJi — ^The method of Avery and Cullen (1919) 
was followed Headings were made at the end of 4 days’ incubation using methyl 
red as indicator 

Reduction of methylene blue in mill — ^The method of Avery (1929) was used 
Only one concentration of 1 in 6,000 methylene blue in milk was used Eeadmgs 
were taken on the following day and at intervals up to one week 

Hcemolysm test — Equal volumes of culture (18 hours m 20 per cent scrum 
Hartley broth) and 6 per cent washed horse red cells were put m the incubator at 
37°C for 2 hours and kept m the ice-box overnight Positive result was indicated 
by complete hiemolysis 

Fermentation of sugars — One ]ier cent of each of the following sugars was 
added to Hiss serum water with Audrade’s indicatoi lactose, glucose, mannitol, 
sahcin, soibitol and trehalose 0 1 cc of 18-hour broth culture nas added to the 
media and readings taken on the following day and at intervals up to one week 
All anomalous readings were repeated When no fermentation occurred care was 
taken to ascertain that growth had occurred 

Growth on blood agar containing bile — The method described by Lancefield 
(1933) was followed 


Result 

The specific grouping presented in Table I weie made entirely on the basis of 
the precipitin test Table I shows that out of 92 strains isolated from -ISO swabs 
51 fell in group A, 6 in group B, 2 m group C, 6 in group P, 16 in group G, 7 in group 
H and 3 in group K They were all specific Two strains of gioup G gave a /amt 
cross reaction ivith group C antisera, one strain gave a precipitate with four clifTcrent 
antisera and the other two gave variable results on repeated occasions The last 
three strains have been kept unclassified 

Table II gives the distribution of different groups of streptococci m the tliroat 
as obtained by other workers 



( 6 ' K Cliatterjee and K N Mitter 
Table II 


487 








Groups 




'■O 

Vuthor 

Number 
of aw aba 

1 Number 
of stmma 

i 

A ! 

! 

B 

C ® 
1 
t 

i 

D 1 

E 

1 

F 

G 

H 

K 

s 

c3 

'a 

C 

P 

Hare (1935) 


IGO 

i 

03 

6 

15 

1 

1 

1 

1 12 

13 

i 

26 j 

8 

9 

Daria and Gnzdnr (1930) 

783 

1 t08+10 

28 


23 




27 




Paancha and Panja 
(1910) 

300 

51 

1 

33 


* 






♦ 


Present senes 

480 

i 93 

61 

1 ** 

2 

i 


1 

i 6 

15 

7 

3 

3 


♦ Not tested 

t Sixtj eight Btmins from 788 swabs and 10 from othtr series of throat swabs 


The appearance on the surface of blootl-agar plates m secondary cultures 
gave a rough indication of their identity 

In group A — the colonies were pearly white, convex, circular with an entire 
edge or greyish and flat — ^with a zone of complete hcemolysis from 1 mm to 2 mm 
in diameter m 24 hours, with sharply-defined margins 

In group B — the colomes were larger with a zone of htemolysis in w'hich a few 
EEC could be seen After keeping in the refrigerator overnight there was 
increase of the zone of hasmolysis which tended to be more complete Further 
another faint band of concentric htemolysis developed around the complete zone 
of haemolysis This is very distinctive 

Groups C and G were roughly smular to group A but the margins were more 
diffuse and the zones of haemolysis were wider 

Groups F, H, K — the zones of haemolyBis were small and diffuse 

In the hasmolysin test, groups A, C and G gave a complete haemolysis, but the 
group B strains did not produce haemolysis to that extent Groups F, H and 
K gave a very faint or no haemolysis at all Group D or E strains were not 
encountered 


Final pH tn 1 per cent dextrose broth — This test was useful only in differentiating 
group B strams from others which gave a pH which could be easdv distinguished 
from others ' ® 


-We have not been able to gam any mfor- 


Reduction of methyleite blue in milK ■ 
mation by this test 

Groivth on ox bile —This was useful lu identifying group B organisms most of 
w'hich grew m 40 per cent bile blood agair and others did not 
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F mnmtahon of sugars — ^The results are m accordance with Lancefield and 
Hare (1935) and Hare [loc cit ) Our C strains gave reactions of huinan strains 
One group G strain failed to ferment lactose and two strains of this group did 
not act on sahcin 


Discussion 

From these results it will be observed that about 10 per cent of the apparently 
healthy persons have gioup A haemolytic streptococci in the throat in this part of 
the country Whether all these strains given the suitable environment would 
cause infection is difficult to say but it is definite that se\ ere haemolytic streptococcal 
infections are always due to group A 

Reference to recent pubhcations on puerperal pyrexia shows that pathogemc 
haemolytic streptococci are absent from the gemtal tract before labour and then 
presence after labour is attnbutable to its introduction from without Of the 
numerous authors referred to above, Colebrook, D {loc cit ) in the epidenuological 
study of streptococcal infection m puerpenum has brought forward convincing 
evidence that the vast majority of such infections could be traced to contacts 
during labour with attendants harbouring these orgamsms in their throats Then 
it IS to be expected that the incidence of the several groups of slieptococci from 
parturient women will show the same proportion of group distribution as found m 
the throat This is of course influenced by other factors 

In the succeeding paper, these results are compared which mdirectly 
corroborate the findings of the other authors that the source of puerperal 
haemolytic streptococcal infection is primarily in the throat of human bemgs 


Summary 

1 Ninety- two strains of haemolytic stieptococci have been isolated from 480 
apparently healthy persons 

2 The earner rate of group A streptococci is approximately 10 per cent, and 
that of group G is 3 1 per cent — the incidence of other groups of strejHococci has 
been determmed 

3 The biochemical reactions of these strams have been described 

4 The causal relationship of streptococci to puerperal infection has been 
discussed 
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SKINIFICANCE OF H-^.MOLYTIC STFEPTOCOCCI IN 
PARTURIENT WOiVIEN 


BY 

ri K CHATTERJEE 


\N O 

K N HITTER 

(From the Bacteriophage Laboratory, Goiernment of Bihar, Patna ) 

[Rec^ned for publication, JIarch 31 1C41 J 

h, the preceding communication (Chatter^ee and Mitter, 1941) the presence 
of hoemolytic streptococci of different groups m the throat of normal persons in this 
country has been noted and its relationship to puerperal infection discussed In 
a review of the work by other investigations it was concluded that the human 
nasopharynx is the mam resen oir of the pathogemc streptococci in nature and that 
they are not normally present in the \agma 

The normal vagina has a characteristic flora durmg the reproductl^e period 
consistmg largely of lactobacilh of Doderlein type The normal acid secretion of the 
\agma has a marked bactericidal action on many species of bactena Menge 
(Topley and "Wilson, 1937) proved that streptococci introduced experimentally into 
the normal vagina could not be recovered after 21 to 26 hours The conditions 
are difierent durmg the puerpenum The acid secretion of the vagma is replaced 
by the slightly alkahne lochia which is favourable to the growth of pathogenic 
bacteria The cervical canal is open and the uterus contains a raw area at the site 
of the separated placenta These factors make the puerperal uterus pecuharly 
vulnerable to bacterial infections The utenne cavity, which is normally stenle, is 
gradually invaded by difierent bactena after dehvery Twenty-five per cent of 
the cervix are infected on the first day, 50 per cent on the 2nd and 100 per cent 
on the 3rd day of puerpenum, and Section of the uterus followmg later, reaches 
its height by the 5th day (Armstrong and Burt-White, 1929) 

{ 191 ) 



492 . 


Hccmolyt'ic Streptococci in Parturient Women 


Although it 13 now common knowledge that the hcemolytic streptococcus is the 
most dangerous agent in the causation of severe pyrexia alter childbirth the 
incidence of this orgamsm in a series of cases has been mvestigated by few 

The results of the different workers are given in Table I 

The haemolytic stieptococci isolated by some of the early workers noted in 
Table I from the cervix of febrile puerpera could not be distmguished from those 
isolated from afebnie cases by any of the tests at theu- disposal Hare and 
Colebrook (1934) could distmgmsh the majority of the ‘ saprophytic ’ strams, but 
certain strains from afebrile cases behaved biochenucally like those isolated from 
febrile ones Lancefield and Hare (1935) employing the same strains examined by 
Hare and Colebrook {loc cit ) distinguished all those strains by the serological 
method of grouping and discussed their pathogemcity 

Certain biochemical tests which have been devised from time to time can also 
be regarded as useful adjuncts to the serological grouping 

In this paper it is intended to show the incidence of hiemolytic streptococci 
from a series of cases of confinement and to determme the pathogemcity of the 
different groups of these organisms 


SOUKCE OP STRAIN 

Swabs were taken by one of us (excepting on a few occasions when they were 
taken by trained nurses) on the 3rd or 4th day of the puerperium from conse- 
cutive cases dehvered in the Hospital for Women, Medical College, Patna A 
separate speculum of the Fergusson type was used for each case The vulva was 
wiped with Dettol cream and the speculum mtroduced carefully without touching 
the external gemtaha as far as possible Care was taken that no antiseptic was 
introduced mto the vaginal canal Swabs were taken by touchmg the external 
os of the uterme cervix or the vaginal vault 


Isolation op the strains and experimental procedure 

The same techmque and tests as descnbed in the previous paper (Chatterjee 
and Mitter, loc cit ) were followed 


Kesults 

From Table II it wiU be seen that out of 61 strains isolated ^^om 130 
patients 21 strains belonged to group A, 8 to group B, 1 to group , ^ 

group D, 16 to group G and 2 to group K No strain belonging to ^oups Ji, 
and H was isolated The groupings have been done entirely on the hasis 
pxecipitm test Four strains could not be placed in any of the groups i 
variable results 
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The last four strains uhich could not be placed in one or the other group are not included in the totals of group 
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The result obtained b) other orkers is appended below m Table III — 
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6 Also o\enWieimmf: Slaph aureus infection 
r Afnlana parasite n as found in the blood 


Thelffimolysin test ga\e strong!} positne reaction tnth groups A, C and G 
It was vanable in group B and negative in groups D and K 

One strain of group A did not ferment lactose and 5 did not ferment sahcin 

One strain of group B fermented sorbitol m addition to trehalose 

The only strain of C behaved like a human strain 

Growth in methylene blue and fermentation of manmte were observed in croun 
D strams only ® ' 

Commeuts on the strains belonging to different groups —It is to be noted that 
most of these were admitted to the hospital as emergency cases and were 
delivered immediately or a few hours after admission About one-third of them 
m indigenous ‘ dais ’ during labour before their admission 

Group A — Out of 130 cases 21 had group 
puerpenum which may be considered severe 
pvxeMa and the fever ne\ er went up higher than 
up to the 6th day of puerpenum The oti 
ere afebnle till they left the hospital on the 3 
so it was not possible to observe whether the 
has been obsen ed m one case that the patient 


Ar ^ ^ a lenriie 

Of the rest, 5 had shght or transient 
99 The cases could be follow ed 

ler 5 cases belonging to this group 
rd or the 4th day of puerpenum and 
patients had any pyrexia later It 
had a transient fever on the 4th day 
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genital tract by one of the several ways suggested by Colebrook, D (1936) and 
Colebrook, L (1936) 

It IS therefore evident that group A U) eptococci if present in the cemx post 
partum almost always give rise to severe puerperal infection Group G streptococci 
sometimes cause mild infection It is improbable that organisms of the other 
groups aie responsible for any such infection in the human beings 

It may be pomted out that as we have now definite knowledge of the source 
of severe puerperal fever due to hiemolytic streptococci, its prevention is a practical 
proposition 


Summary 

1 Out of 130 cervical swabs collected post partum from consecutive cases of 
confinement, 61 yielded haemolytic streptococci 

2 Cases having severe puerperal pyrexia had group A streptococcal infection 

3 Some strains of haemolytic streptococci from mild puerperal infections of the 
uterus belonged to group A 

4 Some of the group G strains caused mild puerperal infections 

5 Most of the strains isolated from the cervix of women who had afebrile 
puerperiimi belonged to groups other than A 

6 The source of infection has been discussed The throat of human being 
has been suggested to be the primary source of these organisms 
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A MODIFICATION OF THE ROUTINE DILUTION TESTS 
AND TABLES SHOWING THE MOST PROBABLE 
NIDIBER OF ORGANISaiS AND THE 
STANDARD ERROR OF 
THIS NUMBER 

BY 

SATYA SWAROOP, 

Stalistician in the Office of the Director-General, Indian Medical Service, 

New Delhi 

[Rec«i7ed for publication, Januarj 27, 1941 ] 

Iv previous papers (Swiroop, 1938, 1940) formuliE were developed for the 
purpose of determining the accuracy with which the most probable number 
of organisms in water samples may be estimated by the so-called (blution teats 
It IS well known that modifications in carrying out dilution tests can be introduced 
by changing the number of tubes taken for each dilution or by choosing varying 
dilutions of the suspected water-supply It was shown that the accuracy of esti- 
mation of the most probable number of orgamsms depends not only on the number 
of tubes or on the dilutions chosen but also upon the number of organisms present 
in umt volume of the supply Without the knowledge of the most probable 
number of orgamsms, which clearly is what the test is designed to estimate, it may 
appear jtnma facie impossible to lay down any general rules which should govern 
an analyst m desigmng his tests But, in the absence of this knowledge, it was 
suggested how the test could be usefully planned 

Two sets of dilutions which have been recommended for routme tests by the 
Ministry of Health, England, (1939) are — 

(i) The dilutions 1/2, 1/10, 1/100 with 1, 5, and 6 tubes for the respective 

dilutions, or 

(ii) The dilutions 1/10, 1/100, 1/1,000 with 6 tubes chosen for each dilution 
The efficiency of these two sets of dilutions was discussed and it was pomted 

out that, m those cases m which the contamination of the suspected supply is not 
very high, such as piped water-supply, it would be advantageous to replace these 
two tests by tabng a set of dilutions similar to those as m the case (t) above but 
b} choosmg an equal number of tubes for each dilution This modification shows 
greater efficiency m the estimation of the probable number of organisms over a 
b mb ( 499 ) „ 
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range of values for whicli the test will usually have to he carried out For instance, 
it can be shown that, when the number of orgamsms in 100 c c is one, the accuracy 
gained by taking 6 tubes of each of the dilutions 1 /2, 1 /lO and 1 /lOO is the same as 
will be obtained by taking 22 tubes of each of the dilutions 1/10, 1/100 and 1/1,000 
and that neghgible gam in accuracy is produced by choosing 6, 26 and 25 tubes of 
the dilutions 1/2, 1/10 and 1/100 respectively Agam, if the number of organisms 
in the supply is 20 per 100 c c the eftect of taking one tube of each of the dilutions 
1/2, 1/10 and 1/100 is for practical purposes eqmvalent to taking 1, 6 and 6 of the 
three dilutions 1/2, 1/10 and 1/100 In other words if the suggested modification 
was used we would require only 3 tubes instead of 11 

In view of the relative advantages of this modification over the two routine sets 
now commonly employed and the possibibty of their replacement by the suggested 
modified test, tables are provided, for reading at a glance, the most probable number 
of orgamsms in 100 c c of the supply and the standard error of the most probable 
number when, for each of the three dilutions 1/2, 1/10, and 1/100 the number of 
tubes chosen is either 2, 3, 6 or 10 An attempt has been made to avoid the 
introduction of those combinations of positive and negative results, which although 
a theoretical possibihty, are not hkely to arise in actual practice 
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Table I 

Shounng the most probable number of orgamsms present %n 100 cc of water 
and the standaid error of the most probable number for vanous 
combinations of positive and negative lesults when 2 tubes 
are used for each of the quantities 60 c c , 

10 cc and 1 cc 


Numbeb of tubes 

OmHO POSITIVE 
BEACTION OUT OF 

Most probable number 
of organifims present 
m 100 0 c 

Standard error of the 
most probable number 
of organisms 

Numbeb of tubes 
amNa positive 

BEACTION OUT OF 

Most probable number 
of organisms present 
m 100 c 0 

Standard error of the 
moat probable number 
of orgamsms 

I O , 

Ol 1 

2 tubes, each 
of 10 0 c 

2 tubes, each 
of 1 0 c 

2 tubes, each 
of 60 0 c 

2 tubes, each 
of 10 c c 

2 tubes, each 
of 1 c c 
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Table II 

Showing the most probable number of orgams^ms present in 100 co of water 
and the standard error of the most probable number for larioits 
combinations of positive and negative results tchen 3 tubes 
are used for each of the quantities 50 cc, 

10 c c and 1 cc 
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Table II — cmuA 


NxniBEB OF TUBES 
OiyrNG POSITIVE 
RFAOTION OUT OF 

Most probable number 
of organisms present 
m 100 c c 

Standard error of the 
most probable number 
of orgamsms 

Number OF TUBES 

OIVINQ POSITIVE 
reaction OUT OR 

Moat probable number 
of organisms present 
an 100 c c 

Standard error of the 
most probable number 
of organisms 

3 tubes, each 
of 50 c c 
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3 tubes, each 
of 10 c c 
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Table II — cottcld 



Table IH 

Showing the most probable number of organisms present tn 101) c c 
water and the standard error of the most probable number for 
larious combinations of postltie and negative results 
when 5 tubes are used for each of the quan- 
tities 60 c c , 10 c c and Ice 



Standard error of tUo Standard error of the 

most probable number ^ . g & S £ 5 moat probable number 

of oigamsms of or{,aiusms 
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Table III — contd 


NuMBiJl 01 TUBES 

crviNa POSITIVE 

BEACTION OUT OP 

Most probable number 
of orgamsms present 
in 100 c c 

Standard error of the 
most probable number 
of organisms 

NuMBEB 01 TUBES 
OlVIBO lOSlTlVE 

BEACTION OUT 01 

Moat probable number 
of organisms present 
m 100 c 0 

Standard eirror of the 
most probable number 
of organisms 

5 tubes, each 
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of 60 c c 

6 tubes, each 
of 10 c c 

6 tubes, each 
of 1 0 D 

1 

■ 


1 

1 

M 

0 

2 

2 

1 

1 

n 


1 

1 


1 
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1 

1 

1 

2 

2 

1 


1 

1 

D 

2 

1 

1 
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0 

1 

1 


1 

B 

a 

1 

1 

2 

1 

, 2 

1 


1 

B 

4 

1 

2 

1 

2 

2 

2 

1 

3 

2 

0 

a 

1 

1 

3 

0 

2 

1 

3 

2 

1 

a 

1 

1 

3 

1 

2 

1 

3 

2 

2 

1 

2 

1 

4 


2 

1 

3 

3 

0 

a 

1 

2 

0 


1 

1 

3 


1 

4 

2 

2 


1 

1 

1 

3 

4 

0 

4 

2 

2 


2 

2 

1 

3 

4 


4 

2 

2 


a 

2 

1 

a 

6 


^ 6 

2 

2 

1 

0 

1 

1 

4 



2 

• 1 

2 

1 

1 

2 ^ 

1 

4 



3 

1 

2 

1 

2 

2 

1 

4 


2 
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1 

2 

2 

■1 

2 

1 

4 


3 

4 

o 

2 

2 

1 

2 

1 1 

4 


0 

3 

1 

2 

2 

2 

3 

1 

4 

1 

1 

4 

1 

2 

2 

a 

■1 

2 

1 

4 

1 

2 

4 

2 

2 

a 

1 

a 

1 j 

4 

2 

0 

4 

2 

2 

4 

B 

a 

1 

4 

2 

1 

4 

2 

3 

0 

B 

2 

1 

4 

2 

2 

6 

2 

3 


1 

2 

1 

4 

3 

0 

6 

2 


1 
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Table IV. 

Showing the most prohahle number of orgamnns present in 100 co of uater 
and the standard error of the most probable number for larious 
coinbmahons of positive and negative results when 10 tubes 
are used for each of the quantities 50 c c , 

10 c t and 1 c c 


Nuiiwai 01 TUBbb [ 
OIVINO rOblTIVl, 

keactio:j out oi 

1 

Most probable number 
of organisms iiresent 
m 100 c c 

Standard error of the 
most probable number 
of organisms 

NUiLBUB OT TUBES 

oiviNa BosmvE 

REAerrioN out of 

Most probable number 
of oigamsms present 
in 100 c c 

Standard error of the 
most probable number 
of organisms 

10 tubes, each 
of 50 c c 

10 tubes, each 
of 10 c c 

10 tubes, each 
of 1 c c 

10 tubes, caoli 
of 60 c c 

10 tubes, each 
of 10 c c 

10 tubes, each 
of 1 c c 

1 

0 

1 

0 

1 

*<05 

6 

i 0 

1 

1 

0 

1 

<06 

1 

1 

0 1 

1 

1 

<05 

5 i 

1 

0 

1 

<0 6 

1 

1 

1 

' ' 1 

1 

<06 

6 

2 

0 

2 

1 

2 

0 

0 

1 

1 

<05 

6 1 

2 

1 

2 

1 

2 

1 

0 i 

! 1 

1 1 

<0 5 

6 

3 

0 

2 

1 

2 

1 

1 : 

1 

i <0 5 

6 

3 

1 

2 

1 

2 

3 

w 

1 

1 i 

<06 

6 

3 

^ 1 

2 ; 

1 

1 

3 

0 

0 

1 

<06 

6 

3 

3 

3 

1 

J 

1 

0 

1 

<06 

0 

0 

0 

2 

1 

3 

1 

1 

1 

<0 6 

6 

1 

0 

2 

1 

3 

2 

1 

1 

<0 6 

6 


1 

' 2 

1 

3 

3 

2 

2 

1 

8 

1 

i 2 

0 

2 

1 

3 

3 

0 

1 

<0 6 

6 

3 

! 0 

2 

1 

4 

0 

0 

1 

<06 

6 

! 3 

1 

a 

1 

4 

1 

0 

1 

<0 5 

6 

3 


3 

1 

4 

2 

0 

1 

<0 6 

6 

2 

i 1 

2 

1 

4 

3 

1 

2 

1 

6 j 

4 

1 

3 

1 

4 

2 

1 

2 

1 

6 

4 

2 

3 

1 

4 

3 

0 

2 

1 

6 

4 

3 

3 

1 


* <iflgn denotes less than tiio number followmg the sign. 
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A CONSIDEEATION OF THE ACCURACY OF ESTBIATION 
OF THE HOST PROBABLE NTOIBER OF 
ORCtAKISMS by dilution TEST 

BY 

SATYA SWAEOOP, 

Stattshcian in the Office of the Director-Ge^ieral, Indian Medical Service, 

New Delhi 

[Received for pabbcation, January 27, 1941 ] 

The commonly employed method of assessing the potability of water is to 
estimate the most probable number of organisms present in fixed quantities of the 
supply by means of the so-called dilution tests A number of dilutions of the 
original sample is prepared and each is inoculated in a suitable medium The 
presence or absence of organisms is then judged by the evidence of gas formation 
Usually 5 or 10 tubes are taken for each dilution and the numbers of tubes 
showing positive or negative reactions are made the basis for the calculation of 
the most probable number of organisms present in the sample 

In two papers Halvorson and Ziegler (1933) have attempted to build up a 
statistical techmque for appraising the accuracy of the dilution method In then 
first paper (Part II) they considered a simple case when only one dilution was 
chosen and came to the conclusion that the accuracy of estimation depends 
not only upon the number of tubes moculated from the sample but also upon the 
bactenal density of the suspected supply This result is m agreement with that 
arrived at by other workers in the field, viz Greenwood and Yule (1917), 
McCrady (1915) and Stem (1919) 

Dilution tests are, however, earned out by taking for each test a number of 
dilutions In order to meet these cases Halvorson and Ziegler extended then- 
analysis and came to the conclusion that ‘ when three effective dilutions are used 
to detemune the bactenal population, the accuracy is independent of the number 
of organisms and depends only on the number of tubes used in each dilution ’ 
The same problem was recently studied by the wnter (Swaroop, 1938) and a 
general formula was given for calculating the standard error of the most probable 
orgamsms While discussmg the efficiency of the dilution method on 
the basis of this formula, it was stated that the accuracy of the dilution techmque 
was dependent on all the relevant factors, viz (i) the number of tubes used 

( 511 ) 



514 


Accuracy of EstimaHon hy DiluHon Test 


where stands for the number of tubes chosen for each dilution, S denotes the 

sum for all the dilutions, a is the dilution factor, x the stage of dilution and 
Ey. stands for the expression — 


e being the usual Napierian e With the help of this expression for ^ ^ we may 

calculate the coefficient of variation for any dilution and for any bactenal 
suspension But when it is remembered that, in testing the potabihty of water, 
in actual practice the test will have usually to be earned out over samples which 
do not contain more than 10 organisms per 100 c c and certainly not for those 
containing more than 100 per 100 c c , it becomes necessary to examine in detad 
the coefficients of variations for all values up to 10 Table I sets out the values 
of coefficients of vanation for all numbers of Qi up to 20 and then at intervals of 
ten up to 100 These values relate to cases when only single dilutions are taken 
each time and only one tube is used 

Table I 

Shomng coefficimh oj vanation fo) vanjinq values of the most 
‘probable vnmhei when different single dilutions ore ialen 
The number of tubes talen is one in each case. 


Most probable 
number per 
100 e c 

C'OFPPICrENT OP VAHIATION WHFN 

OVB TUBE IS TAKEN FOB EAOII 
DILUTION — 

1/^ 

1/10 

1/100 

1/1,000 

1 

161 

324 

1,003 

1,000* 

2 

171 

235 1 

711 

1,000* 

1 

124 

1 

197 

582 

1,000* 

4 

126 1 

1 

176 

605 i 

1 

1,000* 

5 

134 

161 


1,000* 

6 

140 

161 

414 

1,000* 

7 

102 

144 

785 

1,000* 

8 

187 

178 

701 

1,000* 

0 

210 

174 

741 

1,000* 

10 

247 

1 

131 

724 

1,000* 


* denotes greater than 1,000 
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Most probable 
number per 
100 CO 

Coefficient oi vaeutiov whes 

ONE TUBE 13 TAKEN FOB EACH 

Dinmos — 

1/-^ 

1 1/10 

1 

1 1/100 

1 

ljW,000 

11 

284 

1 

' uo 

1 

1 

1 

310 

950 

12 

384 

127 

298 

916 

13 

397 

1 126 

' 287 

1 

1 880 

14 

478 

1 

277 

1 848 

15 

507 

124 

1 268 

1 820 

la 

032 

124 

260 

' 794 

17 

824 

124 

263 

j 770 

18 

1,000* 

125 

247 

i 740 

19 

1,000* 

126 

241 

729 

20 

1,000* 

126 

235 

711 

30 

1,000* 

140 

197 

582 

40 

1,000* 

183 

1 

173 ; 

505 

50 

1,000* 

243 

! 161 1 

453 

60 

1,000* 

334 

151 

414 

70 

1,000* 

473 

144 

385 

80 

1 000* 

682 

138 

361 

90 

1 000* 

1,000* 

134 

341 

100 

t 

1,000* 

1,000* 1 

1 

131 

324 


* Denotes greater than 1,000 


sfei' ;r*“r - 

=;£r."c;r“ Srs^i.tbST3 

8 


= 40 



516 


Accuracy of Estirmtion hy Dilution Test 


after n = 30 and continues up to the range studied m this paper The dilution 
1/1,000 may be considered to be inefficient as judged by the above standard 


Graph 1 


Curves of coeffteient^of varmlion for varying values of the 'probable number 
of organisms when only one dilution is talcen for each test 
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Table II sets out the values of the coefficients of variation when combinations 
of dilutions are taken for each test Since the accuracy depends upon the number 
of tubes chosen for each dilution an attempt has been made to keep in each test 
the same number of tubes Four different dilution sets are studied, \'is — 

(i) Dilutions 1/2 and 1/10 and the tubes taken being 2 and 10 respectively 
{») Ddutions 1/2, 1,10 and 1/100 and the tubes taken bemg 1, 5 and 6 
respectively * 

(ui) Dilutions 1 10, 1,100 and 1 1,000 and the tubes taken being 4 m 
each case 

(id) Ddutions 1/2, 1/10 and 1/100 and the tubes taken being 4 in each case 

It may thus be seen that the total number of tubes taken is 12 in each case 
except m the case of (in) when the number of tubes taken is only one less, i e eleven 


Table II 

Showing coefficients of variation for different values of the most probable 
number when varying sets of dilutions are taken 


COEFFICIESTS OF VABUTION FOB 


Most probable 
number of i 

Ddutions 1 Tubes ^ 

1 

Ddutions Tubes 

Ddutions i 

Tubes 

Dilutions 

i 

1 Tube? 

I 

or^mzms per 

100 cc 

1/i 

1/10 10 

1/i 1 

l/IO 5 

l/lOO 5 

1 

1/10 j 

1/100 i 
1/1 000 

4 

1 4 

1 4 

n 

B 



1 

: i 


1 

1 

7. 1 

1 

105 

1 

154 

! 

71 

o 

58 1 

79 

' 111 


57 

3 

51 

69 

93 

i 

52 

4 

47 

64 

82 


50 

5 

45 

61 

75 


50 

6 

43 : 

1 

1 58 

71 


51 

7 

42 

57 

67 

52 

8 

41 

55 

64 

53 

9 

41 

54 

62 


54 

10 1 

1 

40 

' 53 

' 60 

54 

n i 

1 

40 

52 

59 

55 
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Table II — cowU 



Coefficients of vabiation for 

Most probable 
number of 

Dilutions 

Tubes 

Dilutions 

Tubes 

Dilutions 

Tubes 

Dilutions 

Tubes 

organisms per 
» 100 c c 

1/2 

1/10 

V. 

2 

10 

j 

1/2 

1/10 

1/100 

1 

6 

6 

1/10 

1/100 

1/1,000 

4 

4 

4 

1/2 

1/10 

1/100 

4 

4 

4 






12 

40 


62 


68 


66 


13 

39 


61 


67 


65 


14 

39 


61 


56 


65 


16 

39 


60 


66 


66 


10 

39 


60 


66 


66 


17 

39 


60 


55 


66 


18 

39 


60 


55 


66 


19 

40 


60 


55 


66 


20 

40 


60 


55 


66 


30 

46 


62 


67 


. 69 


40 

68 


67 


61 


62 


60 

77 


60 


64 


67 


60 

106 


62 


66 


69 


70 

149 


62 


65 


69 


80 

216 


61 


63 


68 


90 

317 


60 


62 


67 


100 

471 


68 


61 


65 



Graph 2 shows how the coefficient of variation varies with bacterial density 
in the case of different sets of dilutions If the dilution test is carried out wit 
1/2 and ]/10 dilutions and with 2 and 10 tubes respectively the value of the co- 
efficient of vanation is 76 when the value of n is unity With an increase in tne 
value of n the coefficient of variation shows a decrease tiU the value of n equals 
After this value of n the curve takes a steep course upwards and it is clear a 
from a practical pomt of view this dilution is useless for higher values ^ ® 

curve for the dilutions 1/2, 1/10 and 1/100 with 1, 6 and 5 tubes respectively begins 
with a high figure when n is umty After a gradual dechne the curve runs a course 
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■which. IS for practical purposes parallel to the abscissal axis This dilution although 
giving a large coefficient of i anation for small values on n may be considered to be 
satisfactory for larger values of the bactenal density 

Graph 2 

Oierves of coefficients of lanation for four different sets of dilutions 



DI1.UT1DNS NUMBEB op TUBES OF 

I ^ RESPECTIVE DILUTIONS 

fliAo --- --2,10- 

ly 1, I, 

''Zf^Ot/lOQ _ - 

dOjdoOT^COO 4 

■^z j /lo j'rloQ i/SjS — 


set o?tJt,S"S-T ^ ^ case comprise a 

of v^rStot to r'rr demonstrated the mdependence of the coefficient 

with ^ this case the curve begins at the highest point in companaon 

N^th the curves corresponding to the other dilution sets considered It Bh3a 
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fall with increasing values of n and for values of n up to 20 this curve occupies the 
highest position Por larger values of n, liowcver, the curve has for practical 
purposes a constant coefficient of variation The values of the coefficient of varia- 
tion, when the number of organisms in 100 c c of the supply is 26, 50 or 160, are of 
a out the same order It is the constancy of coefficient of variation for these large 
values of n, on the basis of which, they were led to the conclusion that the accuracy 
of dilution data is independent of the bacterial density But, as is clear from the 
graph, it is hardly true that, in the case of those values of n for which the test has 
usually to be carried out, vi/i the small values of ii, the coefficient of variation is 
independent of the bacterial density The coefficient of variation, for instance, 
shows a decrease from 154 (when n is unity) to 65 (when w is 20) 

From the practical point of view the choice set of dilutions should be such as 
will show only neghgible variation in the values of the coefficient of variation over 
that range of values of bacterial density which usually arise in routine bacteriological 
examinations It may be seen from the graph that among the different sets dis- 
cussed in this paper this condition is approached by the set of dilutions 1/2, 1/10 
and 1/100 when the number of tubes is the same for each dilution, viz four The 
curve corresponding to this set shows low values of the coefficient of variation for 
small values of n and keeps to the same order of height as the curves for other 
dilution sets for lugher values of n Table III sets out the range of variation of the 
coefficient of variation over the values of n ranging from unity to 100 — 

Table III 


Sliomng the ) auge of coefficient of vanalicn for n = 1 to n = ICO 


Dilution sets 

Limits of 
variation 

Range of 
vanation 

1/2 and 1/10 with 2 and 10 tubes 
respectively 

471 to 39 

432 

1/2, 1/10 and 1/100 with 1, 6 and 

5 tubes respectively 

105 to 60 

56 

1/10, 1/100 and 1/1,000 with 4 
tubes m each case 

164 to 66 

99 

1/2, 1/10 and 1/100 with 4 tubes 
in each case 

71 to 60 

21 

The comparative stabihty of the last dilution set is clear from a perusal of the 
last column of Table III It is, therefore, suggested that m routine bactenologicaJ 
exanunations of water this dilution set may replace those now commonly emp oye 
In plannmg the test it will be fairly accurate to assume that this set of dilutions 
yields a coefficient of variation of the order of 60 when four tubes are chosen or 
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each dilution It has been shown in a previous paper that a reduction in 
coefficient of vanation occurs m the same ratio as the square of the number of 
tubes used If, therefore, for this set of dilutions, a coefficient of variation as low 
as 1/ 13 desired the number of tubes to be taken for each dilution may be calculated 
from the following simple equation — 

The number of tubes to be taken for each dilution m order to get the coeffi- 
cient of variation as low as ?/ = lI,400/i/“ 

Thus, if it IS desired that the standard error should be only^lO per cent of the 
most probable number the value of y = iQ and the number of tubes to be taken 
for the test is 14,400 10" or 144 The test should therefore be carried out with 
144 tubes for each of the three dilutions 1 2, 1/10 and 1/100 Tables which give 
the most probable number of orgamsms tor vanous combmations of positive and 
negative results and the standard error of the most probable number have been 
pubhshed (Swaroop, 1941) for cases when for each dilution either 2, 3, 6 or 10 tubes 
are used 
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lUTRODtJCnON 

In a pievious pubUcation (Dharmendra and Bose 1941) it was pointed out 
tbat of the antigens prepared from the six Merent acid-fast bac^ (four wolat^ 
from leprous matenal and Mycobacterium tuberculosis and Mycobacterium phlci] the 
one prepared from Lleras’ bacillus (isolated by Llera from leprous matenal) appeared 
to be shehtly more sensitive, smee a sbghtly higher number of leprous sera fixed 
complement m its presence, and dilution did not reduce complement-fixation 
with this antigen to the same extent as with the other antigens This greater 
sensitivity was, however, not considered to be caused by any specificity as it 
was seen in cases of leprosy and other diseases also This question has been 
further studied by testmg the complement-fixmg power of leprous sera before and 
after absorption with the difierent acid-fast bacilh 


Methods used 

The method of the preparation of the antigens and the techmque of performing 
the tests have been the same as described previously Absorption of the sera was 
earned out by mixmg them wuth thick bacillary suspensions, allowing the mixture 
to stand overmght and then filtermg through a candle Eive different bacdlary 
suspensions were used , these were prepared from cultures of Myco phlei and the 
so-called leprosy bacilh of Lleras, Bayon and Duval and from a leprous nodule 
Each serum was divided mto six portions, one portion was kept unabsorbed, and 
the other five portions were absorbed by the above five bacillary suspensions The 
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unabsorbed portion and the portions absorbed by the different bacillary suspensions 
were then tested foi their coinpleinent-f]\in" power in presence of all the six antigens 
All these sera were tested in 1/5, 1/25, 1/50, 1/100 and 1/200 dilutions 

Results 

Sera from 12 cases of the leproniatous type of leprosy were used in this investi- 
gation In a 1/5 dilution the absorbed se?;a did not differ in any way from the 
unabsorbed specimens in their coniplement-fiMng power in the presence of any of 
the SIX antigens used In higher dilutions however, the complement-fixing power 
of the absorbed sera was less than that of the unabsorbed specmiens This dnmnu- 
tion in the complement-fixing power first appeared in the following dilutions, 
1/25 in four sera, 1/100 in five sera and 1/200 in three sera 

AH the bacdlary suspensions used for absorbing the sera acted m a similar way 
A serum absorbed with any one of these suspensions showed a reduction in its 
complement-fixing power not only in the presence of the homologous antigen hut 
also in the presence of the antigens prepared from the other acid-fast hacilh 

Absorption of the sera with staphylococcus cultures 

In order to find out whether the absorption of the leprous sera with bacilli 
other than those of the acid-fast group will reduce the complement-fixing power of 
the sera, sera from five cases of the lepromatous type of leprosy were absorbed with 
cultures of Staphylococcus aureus Complement-fixation by these sera in the 
presence of the six antigens previously mentioned was tested before and after 
absorption 

In three of the five sera absorption with staphylococcus did not reduce then 
complement-fixmg power in the dilutions tested (1 in 1/200, 1 m 1/100 and 1 m 
1/25) In the other two sera absorption with staphylococcus reduced to some 
extent the complement-fixmg power This reduction was first observed m one 
serum malm 100 dilution and m the other malm 26 dilution 


Conclusions 


Complement-fixation tests by leprous sera absorbed with the different acid- 
fast baciUi mcludmg the so-called leprosy bacdh of Lleras, Duval and Bayon 
and Hansen’s bacilh obtained from a leprous nodule do not afford any proof o 
the specificity of any of the cultures from which the antigens had been made 
This confirms the behef that the shghtly higher sensitivity of the antigen pre- 
pared from Lleras’ bacillus is not caused by any specificity This conclusion receives 
support from the results of intradetmal tests with lepromin (prepared from leprous 
nodules) and with material prepared from cultures of Lleras bacillus * 


* Intradermal injeotiona of lepromin give rise to a nodular rmction m ewes of the ne 
leprosy in cases of the lepromatous type the injection causes a httle or no such reaction 
prepared from cultures of Lleras’ baculi gave positive results m cases of both the neura 
fepromatoufl type, like the lepromin prepared fiom rat leprosy baculus 
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From a study of the complement-fixation test in leprosy with the antigens 
prepared from various acid-fast bacilh it was concluded m a previous pubbcation 
that complement-fixation tests have not given, and are unhkely to give, any evidence 
either for or against the genuineness of the cultures of organisms isolated from 
leprous lesions The present study has confirmed this view and has further shown 
that the absorpbon of the sera before the tests are performed, does not in any way 
improve the utibty of the tests for this purpose 
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CoiiPLEitENT-FESATioN of a Very bigb order obtained Tvitb this antigen in 
leprosy and kala-azar has been desenbed (Greval, Lowe and Bose, 1939 , Greval, 
Sen Gupta and Napier, 1939) The antigen was purchased from a Continental source 
and the question arose almost immediately afterwards whether it could be prepared 
locally at a reasonable cost To do so was essential before submittmg to the 
profession further recommendations for the use of the complement-fiiation in the 
diagnosis of the aforesaid diseases 

The preparation 

Iccordiug to the ongmal descnption (Witebsky, Khngenstein and Kuhn 
1931) the antigen is a solution m benzol of the (i) alcohol insoluble, (ti) pyndm 
soluble and (ui) acetone insoluble fraction of the human tubercle bacillus In the 

( 527 ) 
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details whicli follow the writers have adhered as much as possible to the ongiaal 
description 

1 The cultUTes of the bacillus — ^These Avere obtained from, the laboratory of 
the Tuberculosis Inquiry of the Indian Research Fund Association working under 
Dr A C Ulal, at the All-India Institute of Hygiene and Pubhc Health, Calcutta 
Some cultures were taken after they had served their purpose in diagnosis, others 
were especially grown The medium used was glycerine agar At least 12 cultures 
from half as many cases were made, allowed to grow for 2 months, scraped and 
used for one lot of the antigen For the purpose of the rest of the description the 
details of the preparation of the last lot are given 

2 The hactenal mass — ^From 12 tubes and 1 surface of Roux flask the growth 
was scraped, suspended m 50 c c of sahne and autoclaved for half an hour The 
killed bacilli were collected by filtration and dried in a desiccator for 2 days 
(constant weights not necessary) The weight was 1 078 grammes 

3 Extraction unth alcohol — Twenty-seven c c of alcohol (20 tunes by weight) 
were added to the dried mass which was extracted with a reflux condenser over a 
water-bath for 3 hours The bacilh were again collected by filtration and dried 
in an mcubator The weight of the dried mass was 0 788 gramme This uas the 
alcohol iiisoluble fraction 

i Exb action mth jnjndin — The dried mass was extracted m a 50 c c Soxlilet 
apparatus with pyxidin for 5 hours over a glycerme-bath at 130°C From the 
pyndimc solution the solvent was removed by distillation over a sand-bath The 
weight of the dried residue was 0 1652 gramme This uas the alcohol insoluble and 
pyndin soluble fraciian 

5 Extraction unth acetone — ^The residue was extracted with 20 c c of acetone 
with a reflux condenser over a water-bath for 3 hours The acetomc solution was 
filtered ofi The residue on the filter was washed with 3 c c fresh acetone and dried 
in an incubator The weight of the dried mass was 0 076 gramme Tins uas the 
alcohol insoluble, pyndin soluble and acetone insoluble fraction 

6 Solution in benzol — The residue was dissolved m 7 6 c c of benzol in a small 
pestle and mortar (total quantity made up after evaporation due to exposure) 
to give a 1 per cent solution The solution, unlike the commercial preparation, 
was milky Fifteen c c of benzol were added by mstalments of 6 c c to obtain 
a clear solution The further addition of benzol is a departure from the original 
technique 

7 Addition of lecithin — To two parts of the benzohc solution was added 
residue from one part of a 1 per cent alcohohc solution of lecithm This xas 
the desired antigen 

The anticomplementary titre, the reaction with pooled kala-azar senun and 
the reaction with a batch of 25 Wassermann positive sera, of the locally prepared 
antigen and the commercial antigen, were the same 

The haemolytic activity of the antigen was determined by leaving three voltes 
of its selected dilution with one volume of the r b c suspension for half an hour 
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afe 37°C Lysia clid not occur Traces of lysis were excluded by leaving the tubes 
m the cold o\ errught Incideatallj this determination, though earned out for each 
lot of the antigen, was not mentioned in the comraumcationa on leprosy and kala-azar 
referred to above 

The special feature of the writers’ techmque of fixing complement with the 
AV K K antigen is that the dose used is the maximal non-anlicomplementary quantity 
of the antigen Further, this quantity is non-kcemolytic even when multiplied by 
three Possible variations in the concentration of the bensohe solution do not 
mterfere with the determination of the dose This dose fixes a constant quantity 
of the complement, measured m m h d with a constant serum 

Incidentally, the special antigemc constituent of the local tubercle bacillus 
must be greater than that of the bacdlus from which the commercial preparation 
was made 

The locally prepared antigen, hke the commercial antigen, keeps well when 
stored in a cool and dark place If stored in a refngerator it is taken out a day 
before the test and left at room temperature overmght If not perfectly clear 
next day. it is left for half an hour in an meubator at 37°C 

The quantity of the benzohe solution needed for a day’s work, confirmation 
of anticomplementarj titre and 12 to 24 tests, need not exceed 0 2 c c 


The test 

The techmque of the test has been described previously {vide supra) One 
correction and tno additions may be made now (i) In Volume 27 of this Journal 
the figure on page 185, para 2, hne 2 should be 137 instead of 132 (w) The writers 

now imdertake the test, which is hnked to the Wassermann reaction in their 
laboratory, on a day when the complement for the latter reaction is of optimal 
reaction and titre (Greval, Chandra and Das, 1940) The latter reaction is 
undertaken on 5 days a week and the complement is stored for 24 hours if it 
IS not convement to work on kala-azar or leprosy on a particular day {m) In 
determinmg the anticomplementary titre of the antigen a crystal-clear tube is 
not considered necessary 


Acknowledgments 

Thanks are due to Dr A C Dial of the AU-India Institute of Hygiene and 
Pubhc Health, Calcutta, for supplying cultures of human tubercle bacillus and to 
Dr S Ghosh of the School of Tropical Medicme, Calcutta, for aid m translatme the 
onginal descnption of the makers of the antigen 


ScnniASY 

antigen from the human tubercle bacdlus, fixmg complement xnth 
s.» cse. of ,.p.osy and tala-aaax, Uo tie W K K* an^'H”! b”en 



530 


W. K. K Antigen 


2 In the complement-fixation test for leprosy and kala-azar previously 
described, complement of optimum reaction and titre, as determmed for the 
Wassermann reaction, only is now used 
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•AMO^GST the laboratory methods employed for the diagnosiB of tubercular 
aSections, amnial inoculation holds a very high place It is said that for the 
detection of human type of tubercle bacilh gmnea-pig inoculation is ‘ the court of 
last appeal ’ (Todd, 1939) Indeed it has been stated that the subcutaneous 
injection of a single tubercle bacillus may succeed in producmg disease (Wa’moschur 
and Stoeckhn, 1927 , Doerr and Gold 1932) It is bemg gradually recognized, 
however, that the test is not as infalhble as it was supposed to be Recent work 
has shown that the matenal such as a specimen of sputum must contain more than 
100,000 organisms per c c before they could be detected by ordinary microscopic 
examination and that gumea-pig inoculation was a thousand times more sensitive 
a procedure for detecting them It is beheved that as few as 10 to 100 organisms 
suffice to give a positive result (Nicholson, 1934) 

Gumea-pig moculation was used as a routine procedure m the Cenjhral Chmcal 
Laboratory of King Edward VII Memonal Hospital, Bombay, during the course of 
nearly 4 years, i e from 1927 to 1930 mclusive In Table I are giyen a few of the 
chmcal notes and the results of guinea-pig inoculation and culture on specimens of 
material sent to the Laboratory It would be seen from it that out of 9 specimens 
sent, gumea-pig inoculation is positive m 1 case, while cultural examination 
13 positive in 3 cases The 1 case m which the animal inoculation is positive 
also shows the growth of tubercle baciUi by cultural exammation Advent of 
refined and selective media for the growth of M tuberculosis, such as those of Corper, 
Lowenstem, Petragmm and others, has made cultural examination a more sensitive 
procedure than before and the employment of these media gave so good results in 
our hands that, after the year 1931, gmnea-pig moculation was practically mven un 
as a routme procedure m our Laboratory ^ 
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Guinea-Pig Inoculation Test m Tuheicnlar Affections 


In the year 1935 \vhen tins question was being reviewed it was decided to 
arry out a few experiments with animal inoculation before finally giviDa it up 
as a routine procedure m the Laboratory ^ ^ ^ P 

Method of obtaining cultubes 

snuta ^rlV eospTf 7"''^ strains of tubercle bacilh were isolated from specimens of 
emnlovernTs o . f on Lowenstein’s mecha The procedure 

Tetel ‘ISw \ 0 5 ec to 10 ec quantity of sputum collected m a 
Lhe Tn ^ 1 transferred to a steSe 100 c c centrifuge 

SDutum wa ^ ^ ^ c c of 15 per cent sulphunc acid The 

alWd toLt ^ sterile roLnd the acid was 

awav nml 1 f ''^''^'^ugalized Supernatant liquid was thrown 

was nn\Prl x + 7 ^ 1 - 1 y of 60 c c of distdled water was added and the deposit 

ff. i. 1 ^ y means of a long rod This procedure was repeated once agam 

mpdin I possible The deposit was planted on Lowenstem’s 

media and the cultme tubes were sealed with paraflin and mcubated at 37T 
Growth appeared withm 8 to 10 days and was limmant m about 3 weeks’ tune 


Massive doses 

f batch 12 gi^ea-pigs was inoculated subcutaneously with massive doses 
of different strains of tubercle bacilli obtained from the first sub-culture after a 
pnma^ c ure Out of 12 gmnea-pigs thus moculated 9 suffered from infection, 
w e remaine negative These animals were kept under observation generally 
for a penod of 3 months at the end of which, unless they died before, they were 
^cr ce an a thorough examination was made naked eye, nncroscopically 
om smears ma e out of the material and by histological examination of tissues 
ee animals ailed to show evidence of tubercidar infection after a searchmg 
exarmna ion carried out in the manner descnbed above This showed that a 

certain mmber of gmnea-pigs failed to develop lesions even when massive doses 
were employed 


Co^er (1918), who has done considerable amount of work on this question, has 
shown that mjection of massive doses of human tubercle bacilh in gmnea-pigs pro- 
uce an infection in 98 per cent of animals moculated, the actual figures m his 
e^eriments bemg 86 animals positive out of a group of 88 moculated The ex- 

p anation given was that the two negative results were due to low virulence of the 
strains used 


Not bemg satisfied with the results obtained it was decided to try massive 
doses m another set of 14 guinea-pigs The procedure employed was the same as 
in the previous experiment 

The animals used were approximately of the same age and weight except 2 
(440 g and 568- g ), i e 12 of the animals used were of a weight varying between 
300 s and 400 g 
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Table II 


Senal number 

Strain 

Xutnbcr of 
weeks the 

How 

Seventy 

Weiohts of the 
AU nUL IN 0 

of guinea piga 

numlier 

animal 

lived 

died 

of lesions 

Imtial 

Final 

1 

S 32 

25 

K 

4“'f 

440 

610 

2 

S 39 

3 

D 

+++ 

317 

294 

^ i 

S 37 

14 

K 

+++ 

326 

363 

{ 

4 i 

Blood 

3 

D 

++++ 

310 

270 

( 

S 3Q 

14 

K 

++ ' 

350 

391 

6 

Pua cold 
abscess 

13 

K 

i 

+++ , 

330 

443 

7 

Pleural 

fluid 

14 

K I 

+ 

350 

i 

523 

8 

j S 40 

14 

K 

++++ 

uQS 

693 

9 

S 42 

6 

D 

+++ 

3G5 

380 

10 

S 48 

i 

K 

4- 4- + 

310 

480 

11 

S 44 

1 17 

K 

4- 

335 

612 

12 

S 50 

1 

K 

4-4-f4- 

305 

632 

13 

S 48 

13 

D 

++ 

318 

392 

U 

S 49 

1 

1 

K 

4- 

371 
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4- = One or 2 glands enlarged. 

+ 4- = In addition to the above other organs affected but no caseation. 
= Caseation m other organs 
4- 4- 4- 4- = Extensive caseation 
K = Killed 
D = Died 


Anatomical and histological chaeacters op the lesions 

The lesults obtained in this second experiment with massive doses show that 
none of the strains employed were absolutely avirulent but they show marked varia- 
tion as regards theix virulence In Table II animal No 4 died withm a period of 
3 weeks and an autopsy showed extensive caseation of the viscera, while animal 
No 14 showed just one enlarged, fibrotic and shghtly caseated gland in the groin 
after the lapse of 17 weeks at the end of which the animal was killed From the 
fibrotic nature of the lesion the impression gamed was that, had the animal not 
been sacrificed, the lesion uould prohabl} have healed Its progressive increase in 
weight by 165 g durmg the course of 17 weeks also lends support to this view 
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According to the anatomical and histological characters, the results obtained 
fall into four groups— marked m the table +, +-f, +++, ++-f + Three 
ammals showed enlarged one or two lymph glands which show^ slight evidence of 
caseation and marked fibrosis Another group of 3 animals showed, besides 
a few enlarged glands, certain amount of cellular infiltration in the viscera Eive 
ammals showed enlarged lymph glands and viscera with evidence of caseation in 
both of them Three ammals showed the characteristic picture of extensive casea- 
tion in the lymphatic glands, hver, spleen and other viscera These results mdicate 
that when different strams of tubercle baciUi are injected in gmnea-pigs they show 
considerable variation in the type of lesions that they produce in these animals 

Weight — One of the signs which gave an indication as to whether an animal 
moculated with suspected tuberculous material was developmg a lesion or not was 
its loss of weight Emaciation is a characteristic sign of all tubercular infection 
In Table II are given the weights of the ammals at the be ginnin g of the experiment 
and their weights taken at the time of their death, or killin g them Out of the 
14 animals only 2 show a loss in weight, while the remaining 12 have gamed 
in weight In ammals in which at autopsy the lesions were of a regressive nature 
it IS not surprising that the weight went up but what is astomshmg is the fact 
that even when the animal (i e No 12) showed an extensive caseation of viscera 
at the tune when it was killed alter the lapse of 17 weeks, its weight had gone up 
by 167 g In another ammal (No 8) which showed also extensive caseation the rise 
m weight was 33 g , while the third one (No 4) which showed similar lesions lost its 
weight by 40 g It is interesting to note that this ammal died withm a penod 
of 3 weeks, while the other 2, which showed an mcrease in weight, were kdled 
one after a penod of 14 weeks and the other after 17 weeks These findmgs are 
in agreement with our previous expenence when for the purpose of demonstrating 
lesions to the class we had noticed on several occasions that a record of weights 
taken regularly showed that the weight of the ammal either remamed stationary 
or actually went up, although on opemng it showed marked lesions A record of 
weight with a view to detect a loss or otherwise, does not appear to be an useful 
mdication that the ammal was or was not developmg the infection This findmg 
is in agreement with the view expressed by Tidloch, Monroe, Boss and Oummmgs 
(1924) who, on the basis of ammal experiments with 100 strams of tubercle bacilh 
isolated from sputum, conclude that average weekly weighmg does not give a true 
index of whether an ammal is or is not suffenng from tuberculosis 

Tem'peratute — ^Another sign which was supposed to indicate that the annual 
was developmg infection was a rise m temperature Calmette (1923) mentions 
that an infected ammal at the end of 3 weeks constantly showed a temperature 
above 39 6°C , i e 103°E A regular record of the day-to-day rectal temperature 
of the ammals infected with massive doses was kept durmg the period of obser- 
vation In none of the animals a rise m temperature above 102°F was note a 
any tune A record of the temperature of some of the animals was kept fm a ou 
a fortmght before the animal was used in the experiment with a view to fin e 
normal vanation in our ammals and it was noted that the normal tempera ure 
varied between 97°F to 101 8°F While taking these observations we were strucx 
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with the fact that stniggling on the part of the animal, pnor to taking the tempera- 
ture, shot its temperature up by tu o to three degrees In spite of this when records 
m animals inject^ with massive doses were made none of the animals ever showed 
a nse as high as 103°P which Calmette mentions as being constantly present The 
following Temperature Chart is an example of the type of temperature record 
obtamed in ammals which on post-mortem examination showed extensive 
caseation in the viscera — ■ 



Injection of graduated doses — The results outlmed above show that there is a 
considerable variation m the virulence of different strains isolated from human 
sputa That probably is the reason why such a marked diSerence was noticed in 
the characters of the lesions In order to find out whether this variation in the 
virulence could be responsible for the negative results obtamed when ammal inocula- 
tion was employed from the diagnostic pomt of view the followmg expenments 
were earned out In this senes, graduated doses of known number of orgamsms 
were mjected mto gumea-pigs It has been said that 10 to 100 organisms sufficed 
to give a positive result We started, therefore, from 100 and mcreased the number 
to 100,000 Table III gives the dosage employed, the number of animals moculated 
and the number of positive and negative results — 


Table III 


Xumber of 
organisms 

Xumber of 
animals 
mjected 

Infected- 

JTot infected 

100 

7 

2 

6 

1,000 

U 

24 

10 

6,000 

4 

3 

1 

10,000 

2 

2 

Ntl 

100,000 

2 

2 

Nil 
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From Table III it would be readily seen that when 5,000 or more organisms 
were injected out of 8 aminals inoculated only 1 failed to develop the udection 
In the bglit of the work on massive doses, referred to above, it is not at aU surprising 
that an occasional animal should fail to get infected when the dose employed was 
not a large one When the dose injected was smaller, i e 100 orgamsms in a group 
of 7 animals and 1,000 organisms in a batch of 34 animals, it is foimd that out of 41 
ammals mjected, 15 showed a negative result All the animals were injected with 
strains which on injection of massive doses showed evidence of infection, so that 
there was no doubt as regards the pathogenicity of the strams employed The 
strains used in these experiments were the same that were employed for the second 
senes of experiments with massive doses The animals were given the injections 
subcutaneously and were observed for a period of 12 to 17 w^eeks and were Med at 
the end of that penod if they did not die before T\Tien an autopsy was performed 
a thorough naked-eye, bactenological, cultural and histological exammation was 
made with a view to detect even if traces of infection existed Fifteen negative 
results out of 41 when both groups were considered, or 10 out of 34 when the group 
with 1,000 organisms was considered, show that these doses of orgamsms were not 
sufficient to produce an infection in a gmnea-pig, if the strain used was not sufficiently 
virulent "V^en 1,000 organisms were used, a dose was employed which was ten 
times the maximum of the dose which is ordinarily said to produce infection m 
gumea-pig and yet 29 4 per cent, i e nearly 30 per cent of the animals m our senes, 
failed to get infected If both the groups are taken into consideration the percentage 
works out at 36 6 This would mean that approximately one out of every 3 
ammals injected with material which contains 1,000 or less orgamsms would not 
give a positive result even though the material may contain tubercle bacdh if the 
virulence of the orgamsms was low These findings detract considerably from the 
value of gmnea-pig inoculation test as ‘ the court of last appeal ’ 

Cultural examination vnth small doses — Srmth (1933) has given a description 
of Lowenstem’s techmque of isolatmg tubercle baciUi from blood By following 
this techmque it has been mentioned that tubercle bacilli could be isolated from 
the blood of cases suffering from different types of tubercular affections Adoptmg 
the same techmque, we tried to isolate the M tuberculosis from the blood of persons 
suffermg from pulmonary tuberculosis After performing 40 blood cultures, when 
we could not succeed in isolatmg tubercle bacdh from the blood in florid cases o 
pulmonary tuberculosis, we decided to carry out a few expenments m order to see 
whether the techmque as carried out by us was in any way detrimental to the growt 
of the orgamsms A sample of citrated blood was obtamed and a small number o 
(about 50) organisms were added to the blood and then the rest of the process of 1 o 
of blood and digestion was earned out in the usual manner On seeding the deposi 
on Lowenstein’s meeba a number of colomes of tubercle baciUi were grown an 
although a count of the colomes was not made a large percentage of orgamsms was e 
unaffected by the process of digestion as shown by the number of colomes grown on 
the media This experiment was repeated on two or three more occasions an in 
every instance a positive culture was obtamed It might be of interest to a c ^ 
after a large number of trials we succeeded only once in isolating M tu ercu o 



C B DhiirandJiar 


539 


from the blood of a case of pulmonary affection That strnm was used m the 
second senes of experiments with massive doses and it produced in 3 weeks a 
fatal infection in the amiiial winch on autopsy show'ed extensive caseo-necrotic 
tubercular lesions in the h inph plands and viscera 


Discussion 

Feldman and Magith (1931) working on the reliability of guinea-pig inoculation 
for diagnosing human tuberculous material came to the conclusion, that a subcu- 
taneous or mtraperitoiieal injection into gmnea pigs and performing necropsy on 
those that were Uxing at the expiration of 8 weeks was a thoroughly dependable 
procedure Tins view is generall) held by most workers The experiments out- 
lined above, how ex er, tend to show that the claims made for the sensitivity of gmnea- 
pig moculation as a test are exaggerated and that whether the ammal would give 
a positive or negative result would depend principally on three factors, viz (1) the 
dose of micro orgamsms contained in the material, (2) the virulence of the tubercle 
bacillus and (3) the sensitix ity of the test ammal Our experiments on graded doses 
bring out m a clear manner that the number of microbes contained in the moculum 
determines to a certam extent as to whether the ammal would get infected or not 
\Vhen the number of orgamsms m the inoculum was of the order of 100 to 1,000 
organisms, there was a 1 3 chance of the ammal not getting infected although the 
material coutamed pathogemc tubercle bacilli As already stated above the patho- 
genicity of the strains used was assured before it was employed for experiments 
xnth graded doses 


The question as regards the vanation in virulence of tubercle baciUi is a debated 
one Workers such as Calmette (loc cit ), Griffith (1922) and others do not beheve 
m the difference m xundence of freshly isolated strains “VVlnle Corpelr and others 
hold an opimon that such vanation m virulence does exist Topley and Wilson 
(1936) came to a conclusion that ‘ very little exact information, however, based 
on an adequate number of animal tests is available about the difference m vurulence 
of freshly isolated strains of the same type or about the factors that are responsible 
for changes m vinilence occurring in vitro or in vivo ’ Admittmg that the number 
of experiments performed by us is not large they clearly pomt to the fact that such 
a variation does exist m strams which are freshly isolated If a micro-organism 
possesses high virulence few microbes moculated into animal would set up a fulmi- 
nating infection , but if their virulence is low and the number mjected is limited, 
defensive mechanism of the animal may succeed in overcommg the infection' 
This, we believe, is the reason why in our experiments we got so many negative 
results when the number of microbes inoculated was small In considermt^ the 
result obtained the third factor, namely the resistance of the ammal, must also be 
taken into consideration Whether the resistance of the local breed of animals is 
more than what obtains m cold countnes, it is difficult to say It may be nomted 
out, howex er, that the weight and the temperature of the ammal which mve a 
of th«r fight oga,„.t the olieotog gera, ,ho„ m out emepTento ftat 
e iratimls put up u good teaietauce Some of the oniraala, whjchSn beino lolled 
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after 17 weeks showed extensive caseo-necrotic lesions, did not show any loss of 
weight or an appreciable rise in temperature It may be argued that those strains 
were not sufficiently virulent but the very fact that such marked lesions were 
produced in the bodies of the animals indicates that they possessed sufficient 
pathogemc powers Experiments designed to demonstrate the power of resistance 
of local breed of ammals are under way and until they become available the 
question of resistance will have to be kept sub jmUce In the meantime, it could 
be stated that from the point of view of diagnosis gumea-pig inoculation is not as 
sensitive a procedure as it is reported to be 


SUMMABY 

1 Strains of human tubercle bacilli isolated from cases of pulmonary tuber- 
culosis vary considerably in their virulence 

2 Guinea-pigs showing massive caseation in the body do not necessarily lose 
weight or show a rise in temperature 

3 Inoculation of 1,000 orgamsms or less of different strains failed to produce 
an infection in 30 to 36 per cent of ammals 

4 From a diagnostic point of view, gmnea-pig inoculation test cannot be 
considered as ‘ the court of last appeal ’ 
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The war haa created a need for mannfacttirmg locally commodities which were 
hitherto imported, and bacteriological peptone is one such The imported peptones 
being proprietary products, the details of the process of manufacture are not 
known. So an attempt was made to develop a techmque of manufacture of peptone 
and success has been achieved by papam digestion of pork A peptone of excellent 
bacteriological efficiency and at the same time of remarkable cheapness of produc- 
tion has been obtamed For the benefit of laboratones m India mterested m obtain- 
ing good peptone at a cheap cost the method of preparation is herewith given 

What is papain? 

Papam is a plant proteolytic enzyme behoved to consist of a mixture of protei- 
nase and polypeptidase The former acts on whole protems to yield proteoses 
which are then broken down to peptones and polypeptides Ammo-acid produc- 
tion IS very limited although not impossible, and takes place appreciably only when 
the papam has been activated by hydrocyamc acid or hydrogen sulphide Papam 
acts optimally at pH 6 to 7 or more accurately at the iso-electnc pomt of the 
substrate, and at a temperature of 60°C 

Psepabation op papain 

Papam is easily prepared m the foUowmg way The latex of the unnpe frmts 
of Canca papaya is collected by scanfymg the fruits, preferably, while stdl on the 

( 541 ) 
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tree as in the case of rubber latex collection The accumulated collections are 
frozen in ice and brought to the laboratory and treated with roughly three volumes 
of cold acetone and thoroughly mixed up When the sohd settles down the acetone 
IS poured off and the sohd treated twice again in the same way as before with cold 
acetone and finally spread on a dish and kept against a current of cold air from a 
table fan The acetone is thus removed and the material is kept m a vacuum 
desiccator overmght Next day the material is well powdered and sieved through 
muslin The fine pearl-white powder thus obtained is usually found to be a very 
active preparation The frmt, if aseptically scarified, heals up admirably The 
acetone after being used in the process can be re-distilled and re-employed It 
IS possible to recover about 80 per cent of the acetone in a pure state by re- 
distillation and this cheapens cost 

What is peptone ^ 

The term peptone in chemistry refers to a protein disintegration product more 
complex than a polypeptide but not so complex as a proteose The commercial 
‘ peptones ’ used m bacteriology are really mixtures of metaproteins, proteoses, 
peptones, polypeptides and possibly some free ammo acids, m which there is 
relatively a high proportion of peptones and polypeptides In the disintegration 
of protein by enzymes a succession of hydrolyses takes place with the formation 
of a mixture of all the above-mentioned products The relative proportion of 
each one of the products vanes with the conditions of hydrolysis as well as 
the specificitv of the enzyme Papain digestion of pork under the conditions 
described below yields a peptone useful for bactenological work 

Pbepaeation op peptone 

For a small scale preparation of peptone, 6 lb of pork, freed from adhesive 
lumps of fat and bones, are passed through a fine mincer a number of times About 
2 6 kg to 2 9 kg of minced pork are obtamed to which is added an equal number 
of litres of water and stirred up m an enamelled vessel fitted with a hd 1/60 to 
1 /20 by weight of papain (dependmg on the quahty of the papain) and calculated 
on the weight of the minced pork are ground up to a pulp, diluted to about 200 c c 
with water and then added to the nunced pork suspension and well mixed up The 
pH of the medium is nearly 6, and does not usually vary outside the range of 5 to 
and so no adjustments need be made The digestion of the pork is visible 
mnnediately the enzyme is added and it is allowed to take place at 60 C J 
keeping the vessel in a water-bath A httle chloroform (10 c c ) and a little toluene 
(10 c c ) are added which together with the temperature of 60°C protect the por ' 
from bacterial contammation The digestion is allowed to take place for a w o e 
day (10 am to 4 p m ) In the evemng the almost completely digested materia is 
transferred to weU-cleaned glass-bottles and after the further addition of a f®^^ ® 
of preservatives the bottles are shaken and kept m the mcubator overnight ex 
mormng a forinol titre is done and a further quantity of papain, usually abou a 
the quantity previously used, is added and the digestion allowed to take p ace a 


♦ 
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50“C for auotlicr \sJio!c day If subsequent fonnol fcitres show only very shght 
increase in the uiuiio nitrogen tlie digestion may be assumed to have reached the 
iiltuii ite state \s Inch unactn ated papain is capable of By adopting this procedure 
one can ensure to a large extent the same quality of peptone being produced in each 
batch The product is now filtered through fluted filter-paper The filtration is 
conducted inside a refngerator, as it is time-consuming and exposure of the material 



DESCRIPTION OF THE APPABATOS 

A Flask, 5 litre capacity F Condenser 

B Filter flask 3 litco capacitj G 3 way tap 

C Solution for concentration H Filter pump 

set np for re chaining I, J Water tap 

D Water bath K Glass tube, J' diameter 

E Screw clip S Cork nng 

Text fiqure 1 


Vacuum distillation apparatus 1 

« 

to the atmosphere may contaminate it The residue on the paper which is composed 
of mostly fat and proteins of the connective tissue, is washed once with water 
faltered and the filtrate added to the ongmal digest The digest at this stage is at a 
pM ot 5 It 18 concentrated to a syrup iw tacuo between 60°C and 60°C with the 
faelp of apparatus I (see Text-figure 1) which can be improvised m the laboratory. 
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The appaiatus shown above needs no description It tan at a time cope with 
‘i litres of tlie digest With a pressure liead of GO ft of water in the tap and a tem- 
perature of 55V about IGO c c of water arc distilled off in 1 hour Towards the 
final stages of concentration the rate is slower When a syrupy consistency is 
reached, distillation becomes diflicult due to frothing At this stage the syrup is 
transferred to a sterile glass-bottle and hept in the refrigerator Portions of this 
syrup about 100 c c are mixed up thoroughly with 100 c c of rectified spmt and 
put into a drying plant sinular to apparatus 1 The alcohol helps the desiccation of 
the syrup and also prevents frothing The temperature is slowly raised from 60°C 
to^05°C and at intervals the semi-dry material in the flask is raked up and moistened 
■with rectified spirit and the drying again continued In about 6 hours the mass is 
quite dry After keepmg in the vacuum desiccator overmght the peptone can be 
taken out m lumps These are ground up and sieved through mushn cloth to obtam 
a fine powder 

Por the final drying, instead of the small flask an evaporatmg pan fitted with a 
detachable hd as in Text-figure 2 is under construction This would minimize 
time and labour, as ivell as the amount of alcohol used up 



Text-fioobb 3 

Evaporation pan to take the place of flask ‘ A ’ Apparatus 1 
m the final drying 


As regards the yield, from 6 lb of pork costing Rs 3 and 60 g papain cos mg 
Re 1-8 and rectified spmt costing Re 1 (duty free) about 400 g of pep one ca 
be obtamed 




K V Krishnan and E K Narayanan 


645 


Several samples of peptone prepared by the above method have been thoroughly 
tested m our laboratones and found to compare favourably mth foreign peptones m 
all kinds of bactcnological work A sample was also sent to the Central Research 
Institute, Kasauh, whore it was tested by the kindness of the Director When used 
in a variety of media the peptone was reported to give good growth of all orgamsms 
tested, and a peptone water made from it used as a medium for the Rideal-Walker 
test gave a figure similar to that of the standard medium laid down for the test 
It was also reported to give a strong cholera-red reaction and good mdol production 
with Y choJerw and to gve good Voges-Proskauer and methyl-red reactions with 
suitable organisms The opimon was expressed that the peptone was smtable for 
general bactcnological purposes m substitution of many commercial brands 
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That it is easier to produce an anti-ON serum and later by absorption an 
anti-N fluid, tban an anti-OM serum and an anti-M flmd is the Tmters’ experience 
(Greval, Chandra and Woodhead, 1939) That the anti-ON serum can be exhausted 
of anti-N substance by repeated absorption ivith OM red blood cells, jyhereas the 
anti-OM serum cannot be exhausted of anti-M substance by repeated absorption 
with ON red blood cells is also knovm (Wiener, 1939) With the first observation 
(easier preparation of anti-N flmd) some workers are not m agreement (Taylor 
and Ikm, 1939) ' 


Another diptebence not pbeviodsly reported 

In the writers’ method of preparmg the typmg anti-M and anti-N flmds the 
u^bsorbed antisera are first titrated with OM and ON red blood cells, to determine 
their anti-0 potency and specificity for M and N The anti-OM sera have been 
fomd to be distmctly weaker m this prebminary titration On the whole their 
titre ^ about a quarter of that of the anti-ON sera The difference is not one of 
quahty oMy but of quantity also The total protem content of anti-ON sera has 
been found on the whole to be four times that of the anti-OM sera The comuTriLn 
!..» bee. made by the loam test The ilabons of anti-OM and anti-ON 
^ ( 547 ) 


10 


} 
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show nearly the same anti-O potency also show the same degree of frothing on 
shaking, although the latter have been diluted nearly four tmies as much as the 
former 

Anti-OM sera of high anti-O potency are also found So far the wnters have 
not been able to prepare anti-HI fluids from them Usually they are either non- 
specific or falsely specific for ON cells Absorption with red blood cells of either 
type makes them mert 

Genetic significance of the differences 

The response to N in the production of an antibody is of a higher order than the 
one to M The antibody produced is appreciably greater Further, the antibody 
produced does not react with N only It is also absorbed and exhausted by M 
Evidently, N is not only more efiective but also possessed of more potentiahties as 
an antigen A hypothesis is advanced that the phenomenon is a proof of the 
greater age of N if zoogenesis be the process of evolution N appeared earlier 
than M which came into being as a result of disappearance of certam potentia- 
hties from the former Predomination of N m the Austrahan abongmes (Birdsell 
and Boyd, 1940) points in the same direction Further, m this hypothesis, the 
characters M and N cannot be independent and indivisible biochemical entities 
like the characters A and B 

Obvious fallacies in work with immune anti-A and anti-B sera, 
prior to the knowledge op M and N, and a similab 

DANGER FROM OTHER HEMAGGLUTINOGENS 

Prior to the recogmtion of the haemagglutinogens M and N some workers pre- 
pared antisera against A and B by unmunizmg rabbits against red blood cells 
A and B, irrespective of the M and N content of the cells (Snyder, 1929) It is 
obvious that the heemagglutination was brought about not only by anti-A or anti-B 
bodies but also by anti-M and anti-N bodies Anti-N body bemg of a higher order 
in titre is more likely to have interfered than anti-M body 

In the anti-A and anti-B sera now prepared anti-M or anti-N body is removed 
by absorption (Boyd and Boyd, 1937) anti-AM serum is absorbed with BM Ted 
blood cells and anti-BM serum with AM red blood cells Similarly, anti- AN serum 
IS absorbed with BN cells and anti-BN serum with AN cells 

While the danger from mterference by M and N is over the one from inter- 
ference by P, Q, X, E and e (Wiener, loc cit ) remains These heemagglutmogens 
appear to exist and very httle is known about their potentiahties m the production 
of immune antibodies Artificially produced unmune antibodies agamst A and B, 
therefore, must be considered less rehable than the naturally occurring iso-antibodies, 
iso-hsemagglutinins (‘ isonins ’ of the writers — Greval, Chandra and Woodhe , 
1941) a and b The observation is of special mterest m deterniiiung the blood group 
from stains for medico-legal purposes 

In the determmation of the type, when antifluids prepared from artificia y 
produced immime bodies must be used, testmg with three antifluids is recommen e 
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(Taylor aud Ikm, loc cii ) This recommendatioa is indispensable m medico-legal 
w otk in spite of the fact that data on the easily determinable heredity of if and N 
are now sufficiently large The three antiflmds must, of couise, be prepared from 
the red blood cells of three subjects 


Anti-N body in blood tbansfdsion 

In view of the high order in titre of the anti-N body the possibihty of its 
formation lu the system of a recipient of 3\f type, after transfusion with blood of 
N type, must not be ignored A second transfusion of blood of hT type may kill 
Direct matchmg of bloods of the donor and the recipient, therefore, is doubly 
important in second or subsequent transfusions 
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In Indian Medical Research Memoir No 32 (Aykroyd, Knslman, Passmore anrl 
Svmdararajan 1940) the relation between nee and benben in India was discussed 
at len^h It was pointed out that in the Madras Presidency benben as a se^n« 
pubhe health problem is largely confined to the north-east coast area mcludmu 
Ganjam, Yixagapatam, Godavan, Kistna, Guntur and Nellore distncts (Norther^ 
Circars) In this area the poorer classes, i e the great maionty ofTe uSr 
pre er raw to parboiled rice, whereas m most other nce-eatmg areas m Madm-j 
ekewhere m India the reverse is the case Parboiled nee retTnTtb? ^ 
of the vitamm onginally present even after a high degree of milW^be 
m the process of steammg the vitamin diffuses mto the endo^erm 
other hand loses most of its vitamm Bx on decorticaC ^iro;t 
he nce-eatmg population of Madras consumes machme-mfiled nee and tL 

of I ^«"t,en area as inside it Th^IatiTe 

of South India from benben is due to the fact that ^ 

^temm B, m the miUmg process, and also to the 

Sdbveys 

nee mill IS a prommeSILtme of . ft ^ nee The 

neiaSft1^"®“°^'^^8e3 8maU milk servmg the vmaSitS^nd ft 

.hbounng one, to be found Bento .innnon m CelSfvS'fe,:/”" 
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In January 1910 tte diet of 34 village families was studied for a period of 20 
days In September of the same year a further survey of 16 fannhes, 10 of which 
were included in the first investigation, was carried out This survey lasted 10 
days The usual methods of the Laboratories (Aykroyd and Knshnan, 1937) 
were followed Average intake of various foods at the two penods of survey 
is shown in Table I — 

Table I 

Intale of vanous foods (oz per consumption unit per day) 



jANUiUl\ 

Septejibek 

34 famihes 

10 famihes 

Rico 

21 6 

21 9 

Pulses 

07 

08 

Leafy vegetables 

0 1 

04 

Non leafy vegetables 

33 

29 

Oils and fats 

09 

12 

Whole milk 

06 

02 

Butter milk and curds 

90 

60 

Fruits 

02 

02 

Fish, meat and eggs 

04 

01 

Jaggery 

02 

0 1 

Calories 

2,000 

2,700 


The diet m its general composition resembles that of the poor nce-eater m other 
parts of India (Aykroyd et al , 1940) Ingredients other than nee are present in 
about the usual proportions Pulse mtake is perhaps a httle on the low ^ ^ 
an equally low consumption has been recorded m many nce-eating groups (Ay oy i 
1939) The figures for mtake of butter-milk and curds give an exaggerated laea 
of total rmlk consumption m terms of whole milk, since much of the but , 
was highly diluted In general the vitamin Px content of the non-cerea pa 
the diet does not greatly differ from that of poor rice diets consume m o 
distncts outside the beriberi area 
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Rice — Both parboiled and raw rice were consumed Taking all fanubes 
together, the proportion of these two kinds of rice in the diet was as follows during 
the two survey periods respectively — 


1 

1 Raw rice 

1 

Parboiled nee 

January j 

94 

12 1 

September | 

20 5 

1 

14 


(Aicrago intake m oz per consumption unit 
dailj ) 


Rice immediately after harvesting is not considered very smtable for 
consumption if husked and subsequently pounded or milled in the rato state 
It cooks to a pasty consistency and is said to be difficult to digest If stored m 
the husk for 2 months or thereabouts it becomes more acceptable m the raw state 
Parboihng, on the other hand, renders freshly harvested nee immediately smtable 
for consumption At the time of the harvest in November and December stocks 
of nee may be low and the new crop required for use immediately by the poorer 
villagers Accordmgly, they use parboiled rice for a month or so When the paddy 
has matured they return to raw rice which they prefer 

The change-over from parboiled to raw rice is well illustrated if we take the 
consumption of the poorer famihes (i e all faimhes excluding Brahrmns and Kammas 
who in general enjoy an economic position above the average level) in the two 
surveys The figures are shown m Table II which includes also the mtake of the 
10 famihes common to both surveys — 


Table II 


Intale of rato and parboiled nee respectively in January and September 


1 

Surrey 

Group 

Parboiled 

nee 

1 Raw nee 

j 

1 

Pirgt survey 
(January) 

21 families (ei.cludmg Kammaa 
and Brahrams) | 

19 4 

48 

Second survey 
(September) i 

10 iamibes 

23 

22 6 

Pirat survey 

10 famibea 

19<1 

66 

Second survey 

Same 10 families 

23 

22 3 


and throughout the nce-eatmg districts m the Northern 
boih n \ 1 F tendency to consume machine-milled gram and this apphes 
to parboiled and raw rice A proportion of famihes mcluded m the siS^eys 
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used home-pouuded nee, probably because in the area concerned there has been 
active propaganda in support of home-pounding Throughout the distnct in 
general the majority of the population makes use of the facihties produced by 
the ubiqmtous nee mills, both laige and small 

VlTAJIIN .VNO BEKIBEni 

Cowgdl (1934) and Williams and Spies (1938) have shown that there is a relation 
between the vitamin Bi/calorie ratio of diets and their ‘ benberi-producmg ’ effect 
The latter suggested that when the vitamin Bj calone ratio falls below 0 260 there is 
danger of benben Aykroyd el al (1940) apphed the Wilhams and Spies’ entenon 
to Indian rice diets And reported that this led ‘ to a result consistent with the fact 
that benben as a serious public health problem is associated with the consumption 
of raw nuUed nee and occurs rarely in the parts of the country m which nee is 
consumed m the parboiled state ’ The vitamin Bi/calorie ratio of diets recorded m 
the present investigation, calculated on the assumption that aU the rice was milled, 
was as given m Table III — 

Table III 


Vitamin Bjcalone ratio 


Survey 

1 

1 

All families 

1 

j Excluding Kammas 
and Bmhmms 

First BUTNoy 

I 0 28 

0 34 

Second survey 

! 0 20 

0 22 


The vitamm Bj/caloiie ratio of the diet consumed at the time of the second 
survey, when raw rice formed the basis of the diet, was below the danger point 

Seasonal inoidence 

We have frequently been informed by physicians in the benben area that the 
disease tends to be more severe and common dunng the ramy months of August, 
September and October, and in general more frequent m the second than m the 
first half of the year This tendency is lUustrated by figures for monthly 
to the Government Headquarters Hospital, Guntur, dunng the years 1926 to 192 , 
given by Mahadevan and Raman (1930), which are as follows 


January 

18 

July 

43 

February 

21 

August 

80 

March 

32 

September 

61 

April 

30 

October 

68 

May 

32 

November 

36 

June 

46 

December 

24 

Total 

179 

Total 

311 
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A siniihr tcndeucy is e'diibited by admissions to the King George Hospital, 
Vizagapatam On the other hand, figures for in and out-patient admissions for ben- 
beri to hospitals and dispensaries in the East Godavari and Kistna districts during 
the} ears 1928 to 1938, kindly supplied by tlie Surgeon-General, Madras, do not show 
any striking preponderance of lascs in the second half of the year Admissions 
durmgthe months Jul} to Dec ember were about 10 per cent in excess of admissions 
from Januan’- to June Figures from large hospitals, where a diagnosis of beriben 
can be made with a reasonable degree of accuracy, are naturally more rehable than 
figures from smaller institutions "We do not at present know how far the custom 
of consuming parboded rice for a mouth or so after har\est and of replacmg as the 
year ad\ances a diet which would protect agamst benben by one which is likely to 
produce the disease is common throughout the Northern Circars But if the habit 
is a general one a possible result would be more benben m the second half of the 
year 

SUMJIABV 

1 Benben is common m the Goda^an distnct A diet smwmy earned out in 
this area in January showed that parboiled nee may be consumed for a short 
penod after the han est in November to January At the tune of a second survey 
m September raw nee formed the basis of the diet 

2 The ntamm Bi /calorie ratios of the diets consumed m January and Septem- 
ber were above and below 0 250 respectn ely According to the Williams and Spies’ 
entenon there is danger of benben when the ratio falls below 0 260 
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A NtJMBER of workers have shown that rats develop a typical deficiency disease, 
commonly known as ‘ rat pellagra ’ or ‘ rat acrodynia when fed on diets deficient 
in vitamin Bo (Gyorgy, 1934 , Chick, Copping and Edgar, 1935 , Copping, 1936), 
and that crystalline vitamin B^ cures this condition (Lepkovsky, 1938 , Gyorgy, 
1938 , Kereaztesy and Stevens, 1938 , El Sadr, Macrae and Work, 1938 , Chick, 
Macrae and Worden, 1940) In the present investigation the metaboham of vitamin 
B (5 m rats fed on diets deficient in vitamin Bo and diets contaimng the vitamin in 
sufficient amounts has been studied 


Experoieotai, 


Two groups of young rats (6 in each group), with an average body-weight 
of 46 g , were fed on the basal diet, deficient m vitamui Bq, shown m Table I 
Group I received the basal diet alone, while group II received the same diet with 
u supplement of 10 /ig of crystalline vitanun Bo dady per rat mixed with the 
food The animals were kept mdividually m metabohsm cages The diets 
were mixed well and made mto a thick paste by adding distilled water, to 
prevent scattermg of food The rats were given weighed amounts of food 
ui shght excess of their average food consumption. Food residue remaming 
uneaten was collected daily, and dried m an air oven at lOO^C The dry 
yeight of the residual food was subtracted from the dry weight of the food given 
0 obtain the food mtake 


^e test diets were given for a period of 6 weeks The rats were weighed 
collected dady To prevent decomposition, 10 c c of 1 per cent 
® placed m the bottles used for the 

dadv funnels and separators of the cages were washed down 

urme 1 

tions of iwme wMT" " washings were dady filtered The weekly collec- 
urme irom each group were used for the determmation of vitamm B 

( 667 ) ® 



558 


TJnnarij Excrelio)i of Yitamm Bq. 


Table I 

CompoiUion of the bubul diet 


Ingrtdienta 

Parts 

Casein, punhtd j 

20 0 

1 

Sucrose 

JOO 

Starch 

32 0 

Salt mixture 

50 

Coco nut oil 

10 0 

Cod-hver oil 

30 


Ten /jLg of cryat.iUmo vitamin Bj and 25 
Hg of riboflavme were given daily to each 
rat in addition along with food 


The analysis of urine, food and tissues for vitamin Bq urine — The unne and 
washings collected over a period of one week from each group were adjusted to pH 
7, by the addition of barium hydroxide solution The precipitate of BaSO^ was 
removed on the centrifuge The rest of the procedure was similar to that 
described by the author for human urine (Swammathau, 1941) The results are 
given m Table II — 


Table II 

Intake and excretion of vitamin Bq by rats (fig ])er rat daily ) 
(Figures represent the daily average per rat ) 


i 

Experimental 
period, days , 

1 

Group I 

Group II 

Intake 

1 

1 

Urinary 

excretion 

Balance 

Intake 

Unnary 

excretion 

Balance 

1-7 

08 ! 

28 

j 

-20 i 

90 

42 

48 

S-14 

10 


-1 1 

05 

38 

57 

15-21 1 

08 

1 19 

-1 1 

10 0 

40 

60 

22-28 

09 

1 8 

-0 9 

90 

30 

60 

20-36 

i 10 1 

1 12 

-0 2 

90 

40 

6-0 

36-42 

10 

12 

-0 2 

10 0 

30 

7-0 

AVirBAGt 

09 

1 

1 8 

1 -0 9 

91 

37 

57 
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Food and lismes — ^Tiio mctliorl used was similar to that previously described 
by the autlior for foodstiifTs (S'ftaminatlmn, 1940) The results obtamed are shown 
m Table III — 


Table HI 

Yitamin Ba content of luer and musde (fig /g) 





Normal stock rats 

Tissues 

Umup I 

Group n 

fed on whole wheat, 
milk and vegetables 

Liv er 

Cb 

110 

12 0 

Jluscle 

4 1 

68 

66 


Results 


Intake and excretion of vitamin Bq — ^Table 11 shows that the rats m groups I 
and II, ingesting 0 9 /ig and 9 4 ;ig of vntanun Bo respectively daily, excreted on 
the average 1 8 pg and 3 9 m unne respectively The Quantities excreted per 
rat were thus 0 9 pg above the intake in group I and 6 7 pg below the intake in 
group n. 


Vitamin Bq content of the liter and muscle — It wdl be seen from Table III that 
there was no appreciable difference in the vitamin Bg content of the hver and muscle 
of the rats in group 11 fed on the basal diet supplemented with vitamin Bo and 
that of the same tissues in young stock rats On the other hand, the vitamin Bg 
content of the hver and muscle of the animals m group I, fed on the Bg-deficient 
basal diet, was lower than in the other groups This observation, taken in 
conjunction with the fact that excretion exceeded intake in group I, suggests that 
the excess vitamin Bg excreted was derived from the hver and muscle and 
possibly from other tissues ’ 


The average unnary excretion of vitamm Bg per rat in group 11, recemne 
4 Pg of vitamin Bg daily, was only 3 9 pg The fate of the excess of vitamin 
a not excreted is a problem for further mvestigation 

^ vitamm Bg to the basal diet produced a small but 

and ^*7 tody-weight The average weekly mcreaae in weights was 2 3 e 

I 7 g m groups I and U respectively ^ was ^ 3 g 

tion Koones and Keresztesy (1940) have studied the unnary excre- 

npi- 1 r, rats, and have reported that at a high level of dn-snop n n 
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SUMMABY 

1 Balance experiments were carried out on two groups of rats for a period of 
6 weeks Group I \\a8 given a basal diet supplying about 0 9 of vitamin Bg 
daily per animal Group II received the same diet supplemented with 10 jxg of 
vitamin Bo daily per rat In the group fed on the unsupplemented diet, the dady 
excretion of vitamin Bo per rat was about 1 0 gg in excess of intake 

2 The rats in group II, each receiving 10 /ig of vitamin Bo dady, excreted 
3 7 ^g of the vitamin, e g about 40 per cent of the intake 

3 The vitamin Bq content of the liver and muscle of the rats fed on the un- 
suppleraented diet was lower than that of the same tissues in the control and the 
stock rats The excess of vitamin Bo excreted by the former may have been 
derived mainly from the hver and muscle and possibly from other tissues 
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[Received for publication, March 24, 11141 ] 


Ii, a previous conimuiucation from these Laboratories (Swarmnathan, 1940) 
a method lor the estimation of vitamin Bq in foodstuffs and animal tissues 
was described The method with shght modifications has now been apphed 
to unne, with the object of determinmg eicretiou under vanous conditions 
The present paper desenbes the method, and some preliminary determina- 
tions on urmary excretion in human bemgs, before and after test doses of 
vitamin Bu, are also mcluded 


Ekperimentai, 

The various reagents required and the colonmetnc procedure are essentially 
the same as those described before (Swarmnathan, 1940) The method mcludes tne 
following steps — 

(1) Removal of protem denvatives, colourmg matter, etc with basic lead 
acetate 

, (2) Adsorption of the vitamm on Fuller’s earth (B I) H) at pH 

3 to4 > i- 

(3) Elution of the vitaimn with hot banum hydroxide 

(4) Removal of punne, pyrimidine and imidazole bases with silver hydroxide 

and the excess of adver as the chlonde 

(5) Re-adsorption of the vitamm on Fuller’s earth (B H H ) 

(6) Elation of the vitamm with hot banum hydroxide and the excess of 

banum as the sulphate > , ^ 

( 561 ) 
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(7) Evaporation to a small bulk on the water-bath, treatment m the hot 

with nitrous acid and making up to a known volume after adjusting 
pH to 7 4 

( 8 ) Colomnetnc estimation of the vitamin Bq present in ahquots usmg the 

diazo reaction 

Procedure — convement volume of unne (equivalent to a normal 3-hour speci- 
men and containing 50 /ig to 100 /xg of vitamin Bo) was diluted to 1 litre with water 
In the case of imnes collected after test doses, one-tenth of the volume of the 3 -hour 
specimen was generally used One hundred ml of N /6 banum hydroxide were 
then added followed by 50 ml of N lead acetate solution The mixture was then 
well stirred, allowed^to stand for 10 minutes and centnfuged The residue was 
washed once with 200 ml of water containing 10 ml of lead acetate and 20 ml 
of N/5 banum hydroxide The excess of lead and banum present in the centnfugate 
was precipitated by the addition of 10 ml of 10 N ILSO^ and removed on the 
centrifuge The clear solution (if the solution was not clear, it was filtered 
using 'Whatman No 1 filter-paper) was adjusted to pH 3 to 4 by the addition of 
sufficient 10 N sodium hydroxide Ten g of Fuller’s earth (B D H) were 
then added and the mixture shaken vigorously for 5 mmutes The activated 
FuUer’s earth was separated on the centrifuge and washed once with 200 ml 
of N /10 acetic acid 

In the next stage, the Fuller’s earth was washed down quantitatively from 
the centrifuge tubes to a beaker, with the help of 150 ml of N /10 banum hydroxide 
The mixture was heated with constant stirring in a boihng water-bath for 10 minutes, 
cooled and centnfuged The residue was washed once with 100 ml of N/10 barium 
hydroxide The combined centrifugate was neutralized to pH 7 by the addition of 
sulphuric acid and the precipitate of banum sulphate removed on the centrifuge 
Four ml of N AgNO i were then added to the centrifugate, followed by 15 ml of 
N/5 Ba { 0 H )2 The nuxture was stirred web, allowed to stand for 5 minutes and 
centnfuged The excess of silver and banum present m the centrifugate was preci- 
pitated by the addition of 1 ml each of 5 N HCl and H 2 SO 4 and the precipitate 
removed on the centrifuge The clear centrifugate was adjusted to pH 3 to 4 by the 
careful addition of sodium hydroxide and diluted to 600 ml with water Five g 
of Fuller’s earth (B D H ) were then added and the imxture shaken vigorously 
for 5 mmutes The activated earth was sepaiated on the centnfuge, washed once 
with 100 ml of N /lO acetic acid and transferred to a beaker, usmg 100 ml of N/10 
Ba ( 0 H )2 The mixture was then heated with stirrmg m a boihng water-bath for 
10 mmutes, cooled and centnfuged The residue was washed once with 60 ml of 
N/10 Ba ( 0 H )2 The combined extracts were neutralized to pH 7 by the addition 
of H 2 SO 4 and the precipitated barium sulphate lemoved on the centrifuge The 
clear centnfugate was evaporated to dryness on a water-bath, after being 
acidified with 1 ml of N HCl Five ml each of 10 per cent NaNOo solution and 
glacial acetic acid were then added to the residue m the evaporating dish e 
imxture was heated on the water-bath for 5 mmutes, cooled, adju^d 0 
pH 7 4, filtered and made up to convement volume (50 ml to 100 ml ) Ten in 
ahquots were used for the colorimetnc estimation of the vitamm Bq presen y 
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the procedure described before using diazotized sulpbanibc acid (Swaminatban, 
1940) A blank estimation was also earned out by omitting the addition of the 
diazotized sulpbambc reagent allowance being made for the blank values m the 
usual manner 

Recoierij of added iitamin Bq to tn me —Different known amounts of vitamin 
Be were added to kmown % olumes of urine The recovery was good in all cases, 
ranging from 76 to 94 per cent The results obtained are given m Table I — 


T.VBtE I 

Recoiery of vitamin Bg added to urines 


Espen 

ment 

number 


Dnnes with and u-ithout added vitamin B, 

Total 

vitamm B, 
(Mg) 

Recovery, 
per cent 

1 

Urme 

3 hour specimen 


64 




t» tt 

+ 60 ftg vitamin B, 

1 

108 

88 

0 

Urme 

3 hour specimen 


52 

1 

I 


tf 

tf fl 

+ 100 ng vitamin B, 

140 

88 

3 

1 

Vnne, 

3 hour specimen 


56 



■ 

*» »♦ 

100 fl" vitamin B, ' 

' 150 

04 

4 

Unsie, 

3 hour specimen 


58 

1 



t 

t i 

+ 160 tig vitnmm B, 

' 170 

76 

5 

Urine, 

'^hour specimen 


56 



** 

** tt 

+ 200 fig vitamm B„ 

' 240 

88 


The excretion of vitamin Bg by human beings 

the out on 5 healthy laboratory workers 

1 \ of whom were living on a fairly weU-balanced diet based on nee and 

J, MK 

u 
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mcludiHg imlJc, pulses and vegetables in reasonable quantities In view of the 
practical difficulties involved in the collection of 24-bonr specimens of unnes, the 
excretion of vitamin Bo m 3-liour specimens of urine, usuallj- collected from 9-30 to 
12-30 after brealifast, was determined The total amount of the vitamin excreted 
during 24-hour periods was calculated by multiplying the figures obtamed for 
3-hour periods by 8 Preliminary experiments, given m Table II, showed that the 
above procedure was justified Further, it was found that after the ingestion of 
test doses of vitamin Bo varying from 10 mg to 50 mg , the increase in the urinary 
excretion due to the test dose was practically complete during the first 3 hours 
Hence the following procedure was adopted The subjects consumed then usual 
morning breakfasts The urines were collected for 3-hour periods, from 9-30 to 
12-30 for the first 2 days On the third day, a test dose of 50 mg of \ntamin Be 
wms administered orally at 9-30 a m and the urine collected up to 12-30 p ni The 
3-hour specimens of normal urine and one-tenth of the volume of the 3-hour 
specimens collected aftei the test doses, w'ere analysed for vitamin Bo In one 
experimental subject a longer experiment, wnth varying test doses, was conducted 
The results obtained are given m Table III 


Table II 


Unnary excretion of vitamin in 24 hows 



Experi 

mental 

days 

1 

1 ' 


Ubinvbi E-XOBETION IW 24 hobbs 
(fiO viTAJirx Bd) 

Subject 

Intake of vztamui 


2nd penod 
12 30 p m 
to 

3 30 p m 

3rd period 

3 30 pm 
to 

9 30 a m 

Total 

M S 

1 

1 

' 1 

Usual diet (supplying about 3 
to 4 mg vjtamm per day) 

] 

56 

60 

340 

i 

456 


1 

2 1 

Do Do 

56 

64 

313 

436 


3 

Do Do 

7S 

70 

405 

650 

1 

1 

4 

Do -f 5 mg crystallme vita 
[ mm Bu at 9 30 a m 

460 

75 

1 

345 

880 

1 

1 

6 

Do -f 10 mg crystallme 
vitamm B« at 9 30 a m 

600 

80 

370 

1,050 
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Table III 


Ezcr,lw,i cf B. and aM teU doses 


1 

1 

j Expenmental 
days 

1 1 

Test dose of 

Ukcsabx excretiox of 
VITCJItS B, (mo ) 

Name 

Mtamm B, 

{ni& ) 

In 3 hours 

In 24 hours 
(3 hours X 8) 

il S 

1 

O 


70 

02 

660 

466 


3 


50 

448 



10 

604 



5 

10 

625 , 



6 

10 

600 j 



7 

10 

660 

1 


8 

10 

660 

1 


9 

50 

>500 



10 


GO 

480 


11 


64 

432 

j 

R M 

1 


60 

j 400 


2 

50 

2 000 


H S 

1 


60 

480 


2 

50 

2 600 


JI 

1 


63 

424 


2 

60 

1900 


R 

1 


65 

620 


2 

1 

60 

2 860 



Results 

The tmnaxy excretion of vitamin Bq m 5 apparently healthy adult males ranged 
from 400 [ig to 560 fig per 24 hours The diets consumed by these persons con- 
tained approximately 3 5 mg to 5 mg vitamin Bq, when calculated accordmg to the 
figures published before by the author (Swammathan, 1940) Hence it appears 
that about 10 per cent of the daily intake is excreted m the unne In this respect 
intanun Bq appears to resemble vitamm Bi and mcotimc acid (Swammathan, 
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1939 , Aykroyd, Knshnan, Passmore and Sundararajan, 1940) After a test dose 
excretion was increased, about 0 per cent of the test dose being excreted in the first 
3 hours after adnunistration It thus appears that ^^tamm Bo is rapidly adsorbed 
and reacbly excreted in urine, the increase m the urinary excretion after a test dose 
occurring mostly in the first 3-hour period Recently, Scudi, Unna and Antopol 
(1940) and Spies Ladish and Bean (1910), using a difierent method, have reported 
that about 8 per cent of a test dose of 50 mg of crystalline vitamin Bo was excreted 
within the first hour, when the vitamin was administered intravenously Sciidi 
et al (loc cit ) also found that about 7 per cent of a test dose of 100 mg was excreted 
in the unne during the first 4-hour period, when the vitamin was administered orallv 
The results reported m this paper correspond fairly well with those reported by 
these workers 


Discussion 

The method described in this paper should prove to be of value m the study 
of the metabolism of vitamin Bij in human beings and experimental amraals The 
method is highly sensitive With practice, one to tw'o estimations can be carried 
out m a day by a single worker 


SUMJIARY 

1 A colorimetric method for the estimation of vitarmn Bo m unne has been 
described 

2 An investigation of the unnary excretion of vitamm Be m 5 laboratory 
workers has been earned out The short interval between the oral administration 
of the vitamin and its appearance m urine indicates that it is rapidly adsorbed and 
readily excreted 

3 The normal daily urmary excretion (24 hours) of the vitamm in 6 laboratory 
workers ranged from 400 to 560 micrograms 

4 Unnary excretion in the above persons, during a period of 3 hours after 
breakfast, before and after a test dose of 60 mg , was on the average 68 and 2,350 
micrograms respectively, about 6 per cent of the test dose being excreted 
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THE VITAMIN CONTENT OF HUMAN MILK 
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Macy, Outhouse, Graham and Lorn (1927) luveafagated the vitamin Bi 
content of human milk by the rat-growth method They found that 25 ml to 
35 ml of the pooled milk from a group of American women were required daily to 
produce an increase in weight of 15 grammes per week Wilhams and Spies (1938) 
interpreted these results to mean a vitanun Bj content of 15 to 20 nucrograms 
of vitamm Bi per 100 ml of milk Neuweiler (1938), using the thiochrome method 
of assay and working in Switzerland, reported that the vitamin Bj content of 
human mdk vaned from 5 fig to 13 fig AVidenhauer and Heckler (1939) gave an 
average of 10 /ig per 100 ml for 42 cases (Danzig), with a range from 2fig to 36 fig 
Donelson and Macy (1934) did not observe an morease in vitamin Bf in human 
milk when yeast was given to the donors Similarly, Widenhauer and Heckler 
(Joe cit ) were unable to influence vitanim Bi content by givmg synthetic vitamin 
Morgan and Haynes (1939), on the other hand, reported that when vitamin 
Bi content was low it was possible to raise it by admmistration of the vitamin 
They could not, however, raise it beyond 26 fig per 100 ml 

In the present investigation the vitamm Bi content of the milk of Indian women, 
some of whom were sufienng from benben, or had infants suftenng from benben, 
has been investigated by the thiochrome method Simultaneously, detemnnations 
of nboflavm, calcium, ether extractives, lactose and protem present in the mdl- 
have been made 

Methods 

Vitamin B, m milk is not all present m a free form Houston and Kon (1939) 
and Houston, Kon and Thompson (1939) have shown that vitamm Bi exists 
both m free and m combmed forms m cow’s milk and that it is necessary to digest 
the milk mth pepsin and taka-diastase (contammg taka-phosphatase) before esti- 
mation This method has been successfully used by Houston, Kon and Thompson 
(1940) m studymg the efiect of pasteurization and sterilization on the vitamm B 
content of cow’s mill i 

The foUowmg method was adopted m the present mvestigation 30 ml nf 
milk were acidified with cone HCl to pH 2 6, and 100 mg of pepsm added The 

( 567 ) 
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inixture was kept in an incubator at 37‘^C for 24 liours Tbe pH was brought to 
4 0 30 per cent NaOH, 100 mg of taka-diastase added, and digestion continued 

at 37 G for a further 5 hours Three ml of 25 per cent trichloracetic acid were then 
added ami the mixture well shaken and filtered through dry filter-paper (Whatman 
No 44) Aportionofthefiltrate was kept aside lor estimation of ribofla\nn Ahquot 
quantities, usually 5 5 ml , were taken in four glass-stoppered tubes (50 ml capacity) 
marked 0, 1, 2 and 3, and oxidi/ied with 5 per cent potassium femeyamde m 
concentrations of 0 3 ml and 0 5 ml Thiochrome content was estimated by the 
method previously desenbed (Aydu^oyd, Kiishnan, Passmore and Sundararajan, 
1940) To tube 3, 2 5 /tg of pure crystalline vitanmi were added to find out the 
recovery of added vitamin The average recovery was found to be 90 per cent 
and all values have been corrected on the assumption that the observed value is 
90 per cent of the actual 

Riboflavin — The protein-free filtrate used for vitaimn Bj estimations v as 
neutrahzed to pH 7 with 30 per cent NaOH and used for riboflavm estimation 
Flavin has the highest fluorescence m ultra-violet hght at neutral pH Hence a 
phosphate buffer at pH 7 w'as used for cblutions and for the blank The flaviu 
was estimated by the method of Whitnah, Kunerth and Kramer (1937) m a 
fluorimeter 

Calcium — Five ml of milk were ashed m a platinum dish and calcium estimated 
as oxalate by titration against 0 01 N KMnO^ 

Ether ext t actives {fat) — The milk was well shaken and 5 ml spread over a 
filter-paper and dned This was rolled, put into a paper-thimble and the fat esti- 
mated in a soxhlet apparatus using sulphuric ether as solvent 

Lactose was estimated by titrating the proteiu-free filtrate against Benedicts 
quantitative solution (Harnsou, 1937) * 

Protein was estimated by the Biuret method using 0 4 ml of milk (Harrison, 
loG cit ) The standard of comparison was a solution of casein from milk 


Tests on subjects without beriberi 

Samples of milk were obtained from mothers attending the Lawley Hospital 
and the Mumcipal Child Welfare Centre, Coonoor These may be divided into tivo 
groups, the first consisting of w omen with infants less than 4 months and the secon 
of women ivith infants ovez this age Nearly aU were obtained m the morrung 
by manual ex^iression A few were obtamed by breast pump The subjects w'cre 
all poor women, the majority of whom were hving on a diet consisting mainly o 
parboiled milled rice Parboiled rice retains vitamm Bj after inilhug (Aykroy 
et al , loc cit) and is usually preventive of benben A fezv consumed the nn e 
ragi (Eleusine coracana) Apart from the staple cereal, the diets of the su jec s 
contained pulses and vegetables in very small amounts Them diet w'as S®"® , 
what IS known in the Laboratones as the ‘ poor iice-eaters’ diet (Aykroy e , 
loc cit ) 

The results of analysis are given m Table I — 



C/ 0 )!te>if of breast nvilL vtlatmti Bi and other consltlueniis 
(Subjects without beriberi ) 
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AvKOAOii 24 3 8 3 montlw 10 C 47 0 27 0 
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In the case of group 1 ('J’able I) the vitamin Bj content of the milk samples 
ranged from 5 8 to 2b 2 fx'g per 100 ml with an average of 16 3 /xg For group 2 
the corresponding figures were G 2 /ig to 31 0 ;ig , with an average of 19 6 fig 
According to Williams and Spies {loc cU ) the ratio micrograms of vitamm to non- 
fat calories in the diet should be above 0 30, if danger of beriberi is to be avoided 
In the case of human milk forming the sole food of an infant, this means a vitamin 
Bj content of 11 2 fig per 100 ml or ovei Only two samples were below the level 
of 11-0 fig The infants in both cases were under a month old 

The flavin content of the milks varied from 19 6 fig to SO 0 fig per 100 ml in 
group 1 and from 12 6 fig to 100 fig in group 2 Average values were 58 0 fig and 
47 0 fig per 100 ml respectively Values within the usual ranges were found for 
the other constituents mvestigated 


Cases of maternal and inf^vntile beriberi 

The vitamin Bf content of the nulk of a number of mothers showing signs of 
mild benben, some of w'hom had infants sufifenng from the disease, w'as determmed 
These cases occurred in Guntur and Vuagapatam m the benben area, where raw 
rice 18 preferred to parboiled rice by the majority of the nce-eating population 
(Aykroyd el al , loc at) The mothers consumed the same type of diet as those 
in Coonoor, except that raw nuUed nee was taken instead of parboiled nulled nee 
Samples 1 to 9 were obtained from St Joseph’s Hospital, Guntur, and the remaimng 
samples from the Bung George Hospital, Vizagapatam The same method of assay 
was employed The milks were brought to Coonoor for test, a pmch of bone acid 
bemg added as a preservative During the journey they were as far as possible 
kept on ice or m cold storage The results are shown in Table II 

The average vitanun Bi content was 16 0 fig per 100 ml and none of the 
samples was particularly poor m the vitamm In three cases the milk was 
analysed after the mother had received an injection of vitamin Bi This did not 
appear to increase the secretion of the vitamin in the milk 

The injection of 2 rag of pure vitamm B^ has an almost miraculous effect on 
acute benben in infants It was anticipated that the breast miUc consumed by 
mfants wnth benben woyld have a very low vitamin Bx content or be devoid of the 
vitamin altogether The results obtained were surpnsing They suggest that milk 
secreted by mothers on a diet very deficient m vitamin Bj may contain a 
factor, the product of deranged carbohydrate metabohsm, which is absorbed by e 
infant and can be ehramated only by relatively large doses of vitamin Bi Japanese 
workers have been convinced that a toxic factor, akin to methyl-glyoval, preci 
pitates infantile benben The evidence bearing on this question has recen y een 
discussed by Fehdy (1940) 

The fact that mj ection of vitamm Bi did not increase the secretion of the 
in the milk suggests that the additional vitamm Bi is rapidly absor e 
maternal tissues and may only pass mto the radk after the tissues reac a ce 
degree of ‘ saturation ’ 
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Summary 

1 The vitamin Bi content of 44 samples of human miUc has been detemuned 
by the thiochrome method In this senes neither mothers nor infants showed 
evidence of benben The average vitamin Bi content was 16 3 //g per 100 ml 
when the infant was under 4 months and 19 5 /ig when it was over this age 

2 In cases m which benben was present in the mother and in some instances 
in the child an average value of 16 0 ;xg per 100 ml was observed It is suggested 
that a toxic factor, the product of deranged carbohydrate metabohsm resulting 
from vitamm Bj deficiency m the mother, may be the precipitatmg cause of 
infantile benben 
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PHYSICAL AND CHEMICAL METHODS OF ESTIMATING- 
VITAI^IIN A IN SHARK AND SAM^-PISH 
LIVER OILS 


BY , 

K RAJAGOPAL 

(Niiiniion Research Laboratories, I R F A , Coonoor, S India ) 

[Received for publication, ilareh 31, 19-11 ] 

ScHEJiES have recently been developed m India for producing a cod liver oil 
substitute from Indian fish liver oils The liver oil of the shark and saw-fish {Pnstis) 
has been found to be considerably ncher in vitamin A than cod-liver oil (De, 
Majumdar and Sundararajan, 1938, Seshan, 1940, Majumdar, 1941) A large 
amount of oil can often be obtained from a single bver, and the manufacture of 
medicmal fish bver oils and vitanim A concentrates from these species of fish is 
a very practical proposition During the development of these schemes, notably 
that undertaken by the Department of Pishenes and later the Department of 
Industries, Government of Madras, the determination of the vitamin A content 
of a large number of fish hver oil samples was undertaken m the Laboratones 
Since it 18 possible that the production of cod-hver oil substitutes m India may 
develop into a considerable industry, the methods of estrmatmg vitanun A in these 
fish oils are of importance In the present investigation a number of samples -was 
tested by standard spectrophotometnc and colonmetnc methods and conclusions 
drawn about the mterpretations of the values obtamed All workers are agreed 
that biological tests for vitamm A are the final and unassailable entenon of 
vitamin A actiiuty , but they are expensive and time-consummg, and m practice 
recourse must usually be had to other methods 


ExPEBTiTENTAl. 


The majonty of samples were supphed through the Director of Fishenes 
Madras, or the Superintendent, Kerala Soap Institute, Caheut, where medicinai 
hsh hver oil is now being manufactured Many of these contamed significant 
amounts of what is usually desenbed as ‘ steanne ’, which separates out m cool 
chmate and imparts turbidity to the oil ‘ Stearme ’ is probably a mixture of 
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vanous fatty acid glycerides with jngli melting point Nearly all the samples were 
in a fresh condition without objectionable smell 

{i) SpectiopJiotomelnc method— The vitamin A value of 24 samples of oil was 
determined by this method An Adam Ililger’s medium quartz spectrograph, 
in conjunction with a rotary sector photometer, was used The source of light was 
a spark obtained betw'een two tungsten-steel electrodes 4 mm apart, by using a 
high-tension transformer (} kwv ) and condenser , the voltage attained on open 
circuit wms about 15,000 Ilford panchromatic plates (S E , H and D 700) were 
employed As whole od w'as used for the majority of estimations, ether was used 
as solvent The turbid samples of oil were saponified and the non-saponifiable 
matter dissolved in ether One cm cells were used tliroughout the investigation 
and a series of spectra were photographed for each sample for ‘ density ’ readings 
from 0 2 to 1 0 The ‘ match points ' on each pair of spectra were marked with ink 
dots by visual judgment and the peak of the absorption curve in the region 325 ni/i to 
328 mu, obtained by joining the points, w'as used for the calculation of values 
Since 1 cm cells were employed, the density readings directly corresponded with 
the extinction co-efficient value for the concentration of the solution tested Prom 

this, Ej 328 m/A and international umts of Mtanun A per gramme, using the 

conversion factor 1,600, were calculated A ten per cent reduction in the final 
value was allowed because ether was used as solvent instead of cyclohexane 
or absolute alcohol as is the practice m the standard techmque The necessity for 
this reduction has been pointed out by Lester-Smith, Stern and Young (1938) 
Gillam and El Eidi (1938) have also found that variations m the extinction 
co-efficients are obtamed with different solvents The values obtamed for the 
24 samples of oils are detailed m Table I 

{ii) Tintomebnc method — The same 24 samples were tested by the tmtometec 
method using both untreated and the non-sapomfiable matter As is weU known, 
vitamin A can be recovered quantitatively from the non-sapomfiable fraction A 
further series of 27 samples was tested by this method alone The technique of 
carrymg out such tests is well known and it is necessary to mention only a few 
points 

Sapomjkation — In prepanng the non-sapomfiable fraction of the oil a shght 
modification of Edisbury and Morton’s (1935) method was used The ether extrac- 
tion of vitarmn A was repeated at least thrice The collected ether extract was 
washed thnee with distilled water and traces of water removed by passing the 
ether under hght suction through an inch thickness of anhydrous soffium sulphate 
The sodium sulphate was washed ■with a bttle ether and filtered and added to 
the collected ether extract and evaporated, mtrogen being passed towards the end 
of the operation to prevent oxidation of vitamin A The residue in the flask was 
used for the test -with the least delay 

Tintometnc test — The concentration of the oil in chloroform (BP) was adjusted 
by repeated tnals and dilutions untd 0 2 c c of the solution (a drop of acetic an y 
dnde was added as a routine), mixed ■with 2 0 c c of a saturated solution 
antimony trichloride m chloroform (an automatic pipette supphed by B 
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Ltd was used), ga\e an intensity of blue colour that could be matched between 
4 to 6 blue units on the Lovibond scale A Lovibond tmtometer (B D H pattern) 
and artificial hght from the white light cabinet siipphed by the manufacturers were 
used The readings obtamed by the author and by another independent observer 
agreed within 0 2 unit and were very often correct to 0 1 blue unit The maximum 
development of colour was taken ns the cnterion without relation to any fixed time 
after addition of the antmiony trichlonde reagent Yellow and neutral glasses 
were frequently used to secure a proper match of colour, but were ignored in the 
calculation of values In the case of three samples with a high ‘ steanne ’ content 
and a turbid appearance, red glasses had to be used in addition to l:^^!ue to get an 
approximate match in colour On saponification, however there was \ no need for 
the red glasses From the concentration of the oil in chloroform m test solution 
and the blue umts required on the Lovibond scale, the proportionate value for 
blue umts for 0 2 c c of a 20 per cent strength of the solution was calculated 

Results — ^Table I gives values for \ntamm A of 24 samples of fish liver oils, 
obtained by the spectrophotometnc method Table 11 shows the Carr-Pnee values 
of the 24 samples tested by the spectrophotometnc method, the differences in colour 
intensity obtamed with the non-saponifiable fraction and the whole oil, and the rela- 
tionship between Carr-Pnee values and international umts Table III presents data 
obtamed m a further senes of 27 samples of fish hver oil by the tintometno method 
alone Table III presents vitamui A values in international umts per gramme 
in a further series of 27 samples of fish hver oil calculated by applying the conversion 
factor 53 (see Discussion) to the values obtamed by the tmtometric method The 
blue values on the whole oil and the non-sapomfiable fraction are not given for 
lack of space 


Table I 

Vitannn A values obtained by the spectro-photometnc method 


Namber 

Concentration 
of oil tested 
in mg /lOO c 0 

Observed 
* density ’ 

10/ 

E, 328 

1 cm 

International units 
of vitomm A 
per gramme 

(E 

1 cm. 

328 m/1 X 1,600) 
(less 10 percent) 

1 

169 0 

08 

47 

6,768 

0 

140 0 

08 

67 

8.208 

3 

69 0 

08 

14 3 

20,692 

4 

148 0 

0 76 

61 

j 

7,344 

H 

10 6 

07 

i 66 6 

95,904 


Sixiiip]e3 1—6 — Shark liver oiL 
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Tvble I — cmicld 


Number 

Concentration 
of oil testeil 
m Hi" /lOO c c 

I 

j Observed 
‘ density ’ 

1 

1 

i 

i*y 

E 328 ni/i 

1 cm 

International units 
of vitamin A 
per gramme 

1 cm 

328 mfi y 1,600) 
(less 10 per cent) 

6 

29 0 

1 

0 7a 

26 0 

17,296 

7 

132 0 

1 0 66 

5 0 

7,200 

8 

76 2 

! 04 

i 

6 1 

7,612 

9 

127 5 

1 07 

i 

65 

7,920 

10 

480 0 

1 07 

1 1 

1 5 

2,160 

11 

26 4 

1 

1 04 

15 2 

21,888 

12 

27 0 

t 

0 86 j 

11 6 

1 46,160 

11 

20 6 i 

i 

I 066 

11 7 

46 648 

i 

14 

178 0 

1 

1 1 

1 07 

1 

1 0 

2,716 

16 ] 

1 

42 0 

^ 0 05 

15 5 

22 320 

16 

1 

160 0 

06 

3 1 

4,464 

17 

' 66 6 

04 

7 1 

10,224 

18 

91 2 

08 

88 

12,672 

19 

69 4 1 

04 

68 

8,362 

20 ! 

1 

1 

17 25 1 

06 

34 8 

60,112 

21 

318 5 

0 46 

14 

2,016 

22 

266 0 

1 1 

43 

6,192 

23 

161 0 

046 

30 

4,320 

24 

306 0 

i 

04 

1 3 

1,872 


Samples 6-19— Shark hver oil 
, 20-24— Saw fish liver oil 
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Discussion 

Though the spectrophotometnc method of assay of vitamin A is considered to he 
accurate, it is necessary to remember certain limitations The extmction co-efficient 
for pure vitamm A has been given widely diSerent values by different workers 
and the conversion factor 1,600, commoidy used to express E value in terms 
of I U , may not be the right figure If jffoll and Reid s (1 939) and Grab s (1939) 
obseriationa are accepted the conversion factor would appear to be significantly 
different accordmg to whether the sapomfied or untreated oil is under test Other 
possible sources of error may be the presence of cychzed vitamin A which gives an 
absorption band at 328 m^i but possesses no biological activity, and the unselective 
absorption at that region gii en by oxidation products of ntamm A Vitamm A>, 
which has biological activity, has an absorption band qmte different from that of 
ntamm Aj, and this may be a complicating factor There was no evidence of 
absorption due to vitamm Aj m the samples tested 


The tintometnc method of estimation has been the subject of much cnticism 
Poor agreement of colonmetnc and biological assay was reported by several workers 
{Ghosh and Guha, 1935 , Morgan, Edisbury and Morton, 1935) Noras and Church 
(1932) have, however, shown that within a certain range of colour development 
there is good agreement between colonmetnc values and the results of biological 
assay In a careful study Coward, Dyer and Morton (1931) found good agreement 
between Loviboud blue values and biological assay values if the non-sapomfiable 
fraction of the oil was used In the present mvestigation both the whole oil and the 
non-sapomfiable fraction were tested and the colour match in the tmtometer was 
made m the region 4 to 6 blue umts, where the intensity of colour is assumed to be 
proportional to the concentration of the od in solution The colour development was 
deeper and bnghter when the non-sapomfiable fraction was used, the intensity being 
on the average 1 60 times the colour development with the whole od Evers’ (1934) 
figure for this ratio, based on 48 samples of cod-hver oil, was 2 17 and Dyer’s (1933) 
average for 39 samples of cod-liver od was 1 61 These are m substantial agreement 
with the ratio obtamed m the present mvestigation From Tables II and III it is 


seen that the ratio blue value on non-sapomfiable matter blue value on whole od 
IS m general near umty for oils having a high blue value (200 C P umts and above) 
e g oils Nos 5 6, 11, 12, 13, 15, 18, 20, 25, 34, 35 and 41 There are, however, a 
few oils m which this relationship does not hold, e g oils Nos 3, 17, 19 and 44 Dyer 
(loc cit ) observed that blue values determmed on the non-saponffiable matter with 
oils of very high blue value were about the same as that obtamed m whole oil It 
a possible that the mcreased mtensity of colour obtamed with the non-saponffiahle 
fraction is due to removal of ‘ inhibitors ’ present m the whole oil m the saponifiable 
part Since mth oils of high blue value only a small amount of the od is taken for 
the test and consequently the amount of ‘ inhibitors ’ present is comparatively 
smaU, the ^me blue value is usually obtamed both with the whole oil and the 
non saponifiable matter (Bacharach and Smith, 1934) Another pomt is that 
\itanm A usually occurs m untreated hver oils in the form of esters (Bacharach 
and Smith loc cjt , Jnn Reo B^ochem , 1940), and as free akoM m the 
non-sapomfiable fraction of the oil The esters have a higher biological activity 
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than the alcohol although the former give a less intense colour with the antimony 
tnchlonde 

It will be thus seen that the expressing of blue values in terms of international 
units IS open to criticism In addition to the difficulties mentioned above, the 
factors influencing the accuracy of any method adopted for conversion may vary 
from species to species and even from sample to sample of oil obtained from the 
same species of fish Since, however, an industry for producing cod-hver oil substi- 
tutes is now developing in India, the testing of oils is necessary to standardize products 
Biological assay is tedious and expensive, and the spectrophotometnc method can 
be earned out only in iv ell-eqmpped laboratories In practice, it is probable that 
the colonmetric test will be largelv employed On the other hand, manufacturers 
and even the pubhc are now famihar with the expression of the vitarmn A value 
of fish hver oils in terms of international umts 

In the circumstances it might be justifiable to use an approximately accurate 
conversion factor m order to express blue value in terms of international umts 

Table 11 shows that when whole oil is used the factor - .E - V, - vaned enormously 

it ranged from 33 to 131, with an exceptional value at 149, and an average of 73 
Obviously the use of the factor 73 can scarcely be recommended There is, however, 
better agreement when the non-saponifiable fraction of the oil is used The con- 
version factor m 24 samples varied from 39 to 73, with one very low value of 29, 
the average bemg 53 Recent work by Seshan (loc ext ) on some Indian fresh-water 
and manne fish showed that the ratio I U B U on non-sapomfiable matter was 
on the average 65, a figure corresponding to that obtained in the present mvesti- 
gation If for any reason it is desired to express blue values obtamed on shark 
hver oil in mternational units, a conversion factor of 60 to 55 may not lead to 
senous error, although dubious from a scientific point of view, provided the blue 
values are obtamed on the non-sapomfiable fraction Lathbury’s (1934) figure 
for this ratio in cod-hver od was 40 and Evers, Jones and Smith (1936) have 
reported an average value of 32 9 m the case of hahbut hver oils The relationship 
between spectrophotometnc values and blue values when both the methods oi 
estimation are carried out on the same sample of oil has been expressed by some 
workers by the ratio — 

B U 
1 ©/ 

E 328 m/t 
I om 

Lathbury (foe at ) found the value for this ratio m non-sapomfiable matter of c^- 
hver oil to be 27 6 Crews and Cox (1934) found that for fish hver oils of blue va ue 
up to 60 the ratio was in the neighbourhood of 30 For oils of high potency— n 
600 blue value and above — ^the figure was nearer 60 Seshan’s (foe at ) average 
for Indian fish hver oils was 24 4 In the present investigation, the average va ue 
of the ratio was 23 6 for the untreated and 28 5 for the non-sapomfiable rac lo 
of shark hver oil respectively 

The average vitamin A activity of the shark and saw-fish hver oil ^ 

was m round figures 12,000 mternational umts per gramme (shark, about , 
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saw-fish, about 8,000) This includes both spectrophotometnc results and values 
calculated in international uhits from Carr-Pnce values by the conversion factor 
given above (53) Corresponding figures given by Majumdar (loc ext ) were 10,000 
for shark and 12,000 for saw-fish hver oils The results of the present mvestigation 
re-affirm the value of these ods as a potent source of vitamin A 


SuiDUBY 

1 Comparison was made between the values for vitamin A obtamed by the 
spectrophotometnc and tmtometnc methods for 24 samples of shark and saw-fish 
hver oils 

2 The ratio — — ^as on the average 53 There was less 

blue values ® 

vanation in the ratio when non-sapomfiable matter was used for the estimations 

Tlie ratio found to be 23 6 and 28 5 for untreated ods and 

E 328 m/i 
1 cm 

non-saponifiable matter respectively 

3 The colour obtained by the antimony tnchlonde reaction was on the 
average 1 60 times more mtense on the non-sapomfiable matter than on whole od 

4 The average vitamin A value was 13,600 and 8,000 mternational units per 
gramme for 37 samples of shark and saw-fish h\er ods respectnely 
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AN ADSOEPTION METHOD FOR TEE ESTIMATION 
OF NICOTINIC ACID CONTENT OF ANBIAL 
TISSUES AND BLOOD 

BY 

K V GIEI, DSC, A II sc 

{Gowthami Lecturer in Biochemtstrij, Andhra Unzverstty, Waltmr), 

B NAGANNA, ii sc 

{From the Department of Biochemistry, Andhra Medical College, Vizagapatam ) 
[Received for pubUcatioo, llarclv 10, 1941 ] 

br an earlier paper (6m and Naganna, 1941) we presented an adsorptaon method 
involving the use of medicinal charcoal as adsorbent for the quantitative estimation 
of nicotinic acid content of foodstuffs This method has now been apphed to the 
analysis of animal tissues and blood for mcotimc acid 

Ecteresientai, 

The method adopted for the colonmetnc estimation of mcotimc acid was the 
same as that descnbed by Hams and Kaymond (1939) 

Reagents required — 

1 CNBr solution — ^Prepared by adding 10 per cent aqueous solution of 
KCN drop by drop to saturated bromine water until it is decolorized 

2 Amine reagent — One g of p-ammo acetophenone is dissolved m 2 8 ml of 
10 per cent HCl and diluted to 10 ml with water 

3 40 per cent sodium hydroxide 

4 10 per cent hydrochloric acid 

5 Acetic acid-acetate buffer Mi5 {pH 5 6) 

6 Alcohol-sodium-hjdroxide mixture —Prepared by mTvirrg 20 ml of N NaOH 
and 80 ml of absolute alcohol, and makmg up the volume to 100 ml It should be 
prepared fresh when required The sbght turbidity present m the alcohoi-JfaOH 
mixbuie can be removed by centrifuging 

( 685 ) 
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7 Standard solulio7is of mcotmic acid — 

(^) 100 fig per ml (stock solutiou) 

(ji) 10 [ig per ml (prepared from stock solution once m three 

days) These solutions were always kept m a refrigerator 

8 Medicinal charcoal (Merck) 

I AimiAL TISSUES 

The procedure for the extraction, adsorption and elution of mcotmic acid was 
exactly smnlar to that descnbed m a previous commumcation (Giri and Naganna, 
loc cit ) Five g of the fresh tissue were used for each determination After adjust- 
ing the pH of the final solution to 5 6, the volume is made up to 25 ml with absolute 
alcohol The final solution is perfectly colourless in all cases In the case of hver, 
however, the solution is faintly coloured yellow which does not interfere with the 
colorimetric estimation of mcotimc acid 

Estimation of nicotinic acid — Five ml of the solution are taken in graduated 
glass-stoppered cyhnders and 5 ml of acetic acid-acetate buffer M/5 (pH, 5 6) 
are added to each of the cyhnders and kept in water-bath at 80°C for about 10 
minutes The cyhnders are then removed from the water-bath and 2 ml of CHBr 
solution are added After coohng the contents by keepmg in cold water for about 
4 minutes, 0 2 ml of the p-ammo-acetophenone reagent is added and kept at room 
temperature for 15 minutes, the cyhnders being covered with black paper to prevent 
exposure to hght Then 0 2 ml of 10 per cent HCl is added and after 15 mmutes 
the colons developed is compared with that of the standard treated similarly The 
standard solution should be prepared in alcohol-sodium-hydroxide mixture and the 
pH adjusted to 6 6 after neutralization 

Recovery of nicotinic amd added to tissues — Known amounts of mcotmic acid 
are added to the tissues and the total mcotmic acid is determmed The results are 
presented in Table I The recovery is good m all cases — ■ 


Table I 


Recovery of nicotinic acid added to the tissues. 


Tiaanes 

1 

! 

Nicotmio 
acid in 6 g 
of tissue, 
Mg 

Added 

nicotinic 

acid, 

/‘g 

Total 
nicotimo 
acid found, 
Mg 

Nicotinic 

acid 

recovered, 

Mg 

Recoveiy 
of added 
mcotmic 
acid, per 
cent 

Sheep liver 

506 

100 

1 597 

I 

' 91 

91 

Sheep kidney 

300 

1 200 

600 

200 

100 
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Ntcoiimc acid content of animal tissues — ^The results from the application of the 
adsorption method for the estimation of the mcotimc acid content of animal tissues 
are shown m Table II — 

Table II 


Nicohmc acid content of some organs and tissues 


Organs and 


’ XlCOTENlC ACID MO /lOO Q TBESU •WEIQllT 
< OP TISSUE 


tissues ^ 

Sheep 

Cow 

Pig 

Fowl 

Liver ■ 

10 1 

86 1 

16 0 

02 

Kidney 

60 

44 

1 72 


Spleen 

1 3 3, 

32 

' 53 


Heart 

44 

49 

' 73 

29 

Bram 

, 32 ' 

1 i 

24 

! 64 


lluscle 

1 I 

1 28 

40 

1 

j 62 

42 


The results show that among the tissues hver is the nchest source of mcotimc 
acid The mcotimc acid content of other tissues is of the same order of mamutude 
as that of kidney 


ml 


n Blood 

The method has been appbed to the analysis of blood for mcotimc acid 

To 10 ml. of newly shed oxalated blood, 30 ml water are added followed by 
of 40 per cent sodium-hydroxide solution The mixture is kept m a boihng 


water-bath for about 30 mmutes m order to convert the nicotinamide into mcotimc 
acid It IS then neutrabzed with concentrated HCl and brought to pH 5 0 {yellow 
to bromMresol purple) by the addition of ddute HCl It is then centrifuged to 
dewinted^^ pi'ecipitate formed after neutralization, and the supernatant hqmd is 

procedure for the repeated adsorption of mcotimc acid from the super- 

milar to that descnbed for animal tissues After adiusting the pH of the fionl 
s^clution to 5 6 the volume is made up to 20 ml mth ahsoirLohol {^e solutn 
yeUow colour OccasionaUy after the first centrifugation during the 
shir ri contains traces of carbon particles, which imparts hght dark 

shade to the solution This can be removed complete^ by agaTc^triffl; Id 

cen uge tubes after decantation, when a perfectly clear solutionis obtained 

estimation of mcotimc acid, 10 ml of the pxDPnDWni i 

tion are taken m graduated glass-stoppered cylinder and 5 ml of aSt.c acid acetS 
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buffer (pH 5 6) are added The order of the addition of reagents and the procedure 
for the development of the colour are exactly the same as those described for animal 
tissues 


Table III. 


Recovery of added mcolimc acid to blood 


1 

Blood 1 

1 

Nicotinic ucid 
of blood snmplo 
i in 10 ml , ug 

1 

Added 
mcotimc 
acid, /ig 

Total mcotimc 
acid as i 

detcnnuied, | 
n'i 

Nicotinic 

acid 

reco%ered, 

ns 

RecoTeiy 
of added 
nicotmio aoid, 
per cent 

Sheep blood 

71 5 

200 

1 244 

173 

87 

Human blood 

1 

1 

18 

i 

100 

123 

i 

105 

i 

105 


The figures show that the recovery of added mcotimc acid to sheep and human 
blood IS quite satisfactory 

Ntcoltmc acid content of human blood tn normal, pellagra and leprosy 
blood of normal persons, and of pellagnns and lepers were then examined for then 
mcotimc acid content and the results are given in Table IV — 


Table IV 

Nicotzmc acid content of human blood in normal, 
pellagra and leprosy 


Blood in 

Nicotimo acid 
per 100 ml 
of blood 



mg 

1 ! 

1 

1 

Normal 

0 383 

2 ! 

Normal 

0 360 

3 i 

Normal 

j 0 330 

4 

Normal 

0 380 

6 

1 

Pellagra 

0190 

6 

Leprosy type Nj 

0 200 

7 

Leprosy type C^Nj 

0 204 
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It 13 interestmg to note that the blood of lepers and pellagnns contain less of 
nicotinic acid than that of normal persons It would be, however, premature to 
base any wide conclusions upon the luiuted findmgs reported here 


Discussios 

Values for the mcotmic acid content of animal tissues have been reported by 
Swammathan (1933) for sheep’s bver, by Bandier (1939) for pig ov and cod tissues, 
and by Kodicek (1940) for sheep and ox tissues The data that have been gathered 
mdicate that the amount of mcohmc acid m bver is 11 mg to 20 mg , kidney 6 5 mg 
to 7 5 mg , spleen 4 0 mg to 4 4 mg , bram 3 0 mg , and heart muscle 5 3 mg to 5 9 
mg per 100 g of the tissue The results obtamed m the present mvestigation by the 
apphcation of our adsorption method are of the same order as those obtamed by 
other workers The values obtamed for the mcotimc acid content of normal 
blood are of the same order as those given by Swammathan (loc cit ) and 
Kochhar (1940) 

VTiile our previous paper (Gin and Naganna, loc cit ), describing the adsorption 
method, was in press, the report by Mehuck and Field (1940) appeared, m which a 
method for the determmation of mcotmic acid m biological materials has been 
descnbed The authors found that charcoal adsorbs mcotimc acid qnantitatively 
from pure aqueous solutions, which is m complete accord with the observations 
made in our previous commumcation (Gin and Naganna, loc ci« ) on the subject 
They also found that charcoal adsorbs mcotimc acid to an appreciable extent 
from biological solutions They have, however, made use of preferential charcoal 
adsorption for the decolonzation of solutions under conditions m which mcotimc 
acid is not adsorbed by charcoal, i e m presence of alcohol, a fact which has 
already been estahhshed m our previous commumcation 


SmuiUKT 

An adsorption method for the determination of the mcotimc acid content 
of animal tissues and blood is descnbed Results are given of a senes of 
analysis of sheep, cow, pig and fowl tissues, and the blood of normal persons 
pellagnns and lepers ^ ’ 


AcsaioTsajErDGirENTS 

The authors wish to acknowledge with thanks, facihties granted by Major J F 
Shepherd, Pnncipal, Andhra Medical College, Vizagapatam, and Professor V K 
Narayana Menon, for carrymg out the above mvestigationa m the Biochemical 
Laboratones of the College Our thanks are also due to Dr C S Venkata Snhmli 
manyam for kmdly supplying us the blood samples 


REFERENCES. 


Bvsdieb. E (1939) 

Gmi, K V, and N'axjxsvi, B (1941) 


Bioc^em Jour 33, p 1130 
Ind Jour Jled Res , 29, p 125 



590 


Estimation of Nicotinic Acid in Tissues and Blood 


Harris, L J , and KAYiiovr), W I) Biochem Jour , 33, p 2037 
(19J!)) 

KocirHAR, B D (1940) Jnd Jour Med Jf£? , 26, p 427 

Kodicjk,. E (1940) Biachem Jour, 34, p 724 

Melmcr, D, and -Field, H (1910) four Biol C'/ieiii , 134, p 1 

S\SAMiNATiiAN, M (1918) hul JouT Med TIm , 26, p 427 



Ind Jotir Med Res, 


29, 3, July, IWI 


mr wtta.UIN A DEFICIENCY AMONGST 
assessment OF ^™^^5jteriunation of the 

and 

OE VITA^IIN A BY A SDIPLIFIED 
ilETHOD FOR MEASUEIInG 
VISUAL ADAPTATION 
IN THE DARK 


BY 

N M BASU, 

AOT) 

N K DE 

(J,. Inquu, u,A, 

(Fmm lit Phys«>h,ical lahoraicry. Frmiaey CdUge, Catmtla ) 

[Received for publication, February 27, 1941 ] 

f ^famin \ fleficiencY amongst liumans by tbe measure- 
The ° „ tbe dark Jbased on theoretical considerations 

meat of their visual adaptati (Hecht 1919, 1921, 1937, Hecht and 

which wer® Mandelbaum, 1939 Lythgoe, 1937, 1938, 1940 , Dartnell 

r W.?d tat Etetod iBd 1937) The concenta- 

et al , 1937 , Wald > reeeneration m the dark after bleaching forms the 

° IZt Ed to mceas. m the xetma of cat, from 67 to 

ce«t of da fhml vklue b.to.eo the 10th and SOtl t^ote rtei dark adapta- 
r ^ Koir fPrunit Pt nl 19391 If this be true also for human bemgs, the sensiti- 
t o TheSnTt: totlg to to to, he e.pe=ted to be oe.xly doubled, 
dSom^h, m fact, it' is mcreased 100 times or 1 000 times or even much more 

G^mmtVal (loc ) suggest that thmextraordmardy large mcr ease m the se^^ 

of the retina is probably due to a nervous interactaon The possibihty that the 
visual purple at higher concentrations may cause a (^charge of volleys of im^es 
of much heater frequency and for a longer period has not been ruled out Th^ 
the enormous mcrease in sensitivity of the retina durmg dark a^ptation may stiU 
be explicable on the basis of a change in concentration or \HSual pnrple 

( 591 ) 
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Assessment of Vitmnin A Deficiency 


The instruments ivhich are generally used for measuring dark adaptation are 
Bircli-Hirschfeld photometer, biophotometer bj Jeans el al (loc cti ), Hecht and 
Schaeler {he at) adaptometer, Pett’s (1939) photometer and Rowett adaptometer 
by Thomson et al (1939) These instruments differ widely not only in the pnnciple 
of their construction but also m their use for measuring dark adaptation In the 
course of the deteiniination of the curve of dark adaptation Hecht first noticed 
that the curve is dual m nature with a kink at the intersection of two parts The 
first part of the curve is over in the course of 7 minutes after the bleaching hght is 
sivitched off, and during this period the flaslies of hght are recognized by the subject 
ascolouied, while those in the second part are colourless He, therefore, concluded 
that the first part of tlie curve is caused mainly by the adaptation of the cones and 
the second part mainly by that of the rods It was also noticed that the rate of resto- 
ration of visual acuity due to cone mechanism (i e scotopic mechanism) is different 
from that due to rod mechanism (i e photopic mechamsm) although vitanun A is 
foimd to be just as essential for the restoration of cone Msion as for rod vision (Lytli- 
goe, 1940 , Hecht and Schaeler, loc cit ) 

There are two views about the critena by which the impaired power ol dark 
adaptation, as found in cases of vitamin A deficiency, may be judged These 
are — 

(a) It 13 the rate of dark adaptation that is affected and that every one ulti- 
mately reaches the same hght threshold when completely dark adapted 

(b) The hght threshold of the completely dark-adapted eye is appreciably 
changed during vitamin A deficiency Booher et al (1939) pointed out that, although 
the curves of dark adaptation of deficient persons are inferior to those of normal 
persons at every point dining a period of 30 minutes or longer, the differences are 
far more obvious at the end than at the beginning Wald, Jeghers and Armimo 
(1938) showed that in cases of acute vitamm A deficiency the hght threshold at 
complete dark adaptation is 50 tunes greater than that of a person talaug a normal 
diet -with a supplement of vitamin A concentrate It is thus obvious that readings 
taken after a short penod of dark adaptation rnay not show the extent of deficiency 
of vitamin A or real impairment of dark adaptation It has also been shown by 
Thomson et al {loc at ) that a prehnunary dark adaptation of 10 minutes followed 
by bleachmg, is inadequate to eliimnate the effect of previous hght, and the methods 
in which tks point is not taken mto consideration caimot be expected to give 
constant results It is evident from these observations that Birch-Huschf eld’s or 
Jeans’ or Pett’s method is not likely to give consistent results Further, as has been 
shown by Hecht and Schaeler {loc at ), indirect fixation, 7° nasally, to a small test 
field hghted momentanly, is expected to give better results than direct fixation of 
the test field, as is done m these three methods 


Experimental 

The present investigation was commenced with Jeans biophotometer 
Simultaneously with the measurement of dark adaptation of the subjects, eu 
daily diet was recorded and its vitamin A or carotene content calculated from e 
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available analytical charts The technique followed was exactly m accordance 
n-ith the directions of the authors After a prehimnary rest m a completely dark 
room for 10 minutes, the eyes of the subject were exposed to a standardized bnght 
h"ht for exactly 3 minutes The restoration of his vision in the dark was then 
studied by his power of perception of a dim hght of known but vanable intensity 
flashed before his eyes, first 20 seconds after the extinction of the light, and then 
after every 2 or 3 nunntes and finally at the end of 10 minutes The intensities 
of hght just perceived dunng these trials are mentioned as D E {dial readmg) 
values * 

The results of examination are shown in Table I A few typical results are 
plotted out as dark-adaptation curves (mde Graph 1) 


Table I 

Showing the data of darl-adaptahon studies on 39 subjects by Jeans’ 

biophotometer 


dumber of 
subjects 


BiOPHOTOUBTEB DlAl. BEADINOS (D R ) 


Age m 
years. 


D R after the 
prelimuwrj dark I 
adaptation for 1 
10 minutes , 


D R. at iO 
seconds after 
the bleaching 
light was 
switched off 


i 

1 i 

20 

70 

30 

79 

2 i 

25 

80 

27 

73 

3 1 

19 

69 

30 

75 

4 I 

18 

72 

12 

65 

5 

22 

70 

20 

75 

6 

19 

so 

20 

83 

7 

19 

75 

26 

74 

8 

21 

79 

28 

75 

0 

^1 

75 

35 

75 

10 

19 

70 

20 

68 

a 

18 

60 

25 

75 

12 

16 

53 

22 

62 

u 

37 

65 

30 

71 


D R at 10 
minutes after 
the bleaching 
hght was 
switched off, 

1 e after dark 
adaptation for 
10 QimuteB 


Remarks about the 
vitamin A content* 
of the diet consumed 
by the subjects 


Good. 

Bad 

Good 

Bad 

Good 


Very good 
Go^ 
Very good 


Very good 
Good 
J'ot good 
Bad 
^ ery bad 


diet — Titamm A mtate roughly 4,000 to 6,000 L G daily 


diet — 
diet — 
diet — 
diet — 


Vegetanan diet - 


3.000 to 4,000 

2.000 to 3,000 

1.000 

200 to- 600 
500 


111*'® movement of which the mtenaitv of the flasbmtt 

mcicased or decreased The movements of the di^ are made against a scale of which the hicber vnl, ^ 
wrrespond to lower mtensit.es of hght and vice versa These®^es ^ mSnrf ^ D®R * 


594 


^isse6&7ne)it of Vtlctjui^i, /I Deficiency 


Table I- — concld 


BionioTOjih-rFft dial heidincs (D R) 


Number of 
subjects 


Ago in 
3 'ears 


I 

I 

D R after tho i 
prelinunnrv dark 
adaptation for I 
10 minutes I 

I 

1 

I 

I 

r 


D R at 20 
seconds after 
tho bleaching 
light was 
snitched oil 


D R at 10 
minutes after 
the bleaching 
light nas 
switched off, 

1 e after dark 
adaptation for 
10 minutes 


14 

1 16 I 

64 

9 

16 

17 1 

60 

25 

16 

17 1 

80 

28 

17 

20 ' 

58 

28 

18 

22 ' 

80 

20 

19 

48 1 

65 

' 8 

20 

26 1 

80 

1 12 

21 

32 1 

66 

1 25 

22 

40 1 

60 

10 

23 

21 1 

75 

20 

24 

60 1 

70 

22 

26 

39 

60 

5 

26 

32 1 

60 

20 

27 

37 

62 

26 

28 

26 

70 

12 

29 

29 

06 

25 

30 

40 

60 

6 

31 

30 1 

66 

20 

32 

40 ' 

46 

4 

33 

48 

64 

20 

34 

36 

70 

30 

36 

20 

70 

26 

36 

24 

70 

26 

37 

24 

60 

12 

38 

23 1 

47 

16 

39 

29 ' 

1 

80 

36 


53 

59 

7G 

65 

76 

48 

74 

68 

62 

80 

70 

62 

72 

05 

02 

63 

44 

65 

36 


67 

56 

62 

82 


Remarks about the 
Mtamin A conteut* 
of the diet consumed 
j by tho subjects 


Good (%cgctanan) 
Good 


Good (hostel diet) 

Good 

Bad 

Good 

fl 

Not good 
Bad 


Very bad 
Good 
>» 


Bad 

Good 


Very good 
Good 

diet — vitamin A mtako roughly 

4,000 to 6,000 

diet — „ 

1* 

If 

3,000 to 4,000 

Not good 

diet — „ 

f* 

» 

2,000 to 3,000 

Bad 

diet — „ 

II 

II 

1,000 

Very bad 

diet — „ 


fl 

200 to 600 

Vegetanan 

diet — „ 

9i 

II 

600 


dady 


ff 


Discussion op results 

(a) According to Jeans et al {loc cit ) the hght-adaptation values, at 20 seconds 
and at 10 minutes after the extinction of the bleaching hght, are particularly im- 
portant as these indicate the vitamin A content of the body more than the other 
observed values during the period of the experiment The normal adaptation 
values at these penods should, according to these authors, be 1 0 and 0 1 uullifoo 
candles (m f c ) respectively (eqmvalent to 14 and 43 in the scale of the dia 
attached to the instrument) 



Threshold values m dial readings (D R.) 
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Graph 1 


Showuxg smm typical darhadaplation curves obtmued by Jeam' method 



Tune in nunutes. 

Corves 1, 2 and 3 — subjects deficient in vitamin A- 
Coirves 4 and 5 — normal sobjeots. 

Table I shows that out of the 39 cases examined (with no defimte eye lesion), 
10 persons gave D R values at 20 seconds less than the normal figure of 14, while 
only one subject gave a figure { = 36) less than the normal figure of 43 at 10 minutes 
The incidence of vitamm A deficiency is, therefore, either 25 6 per cent or 
2 6 per cent according as the D R value at 20 seconds or at 10 nunutes be taken 
to indicate the vitamin A content of the body As the figures differ widely, it 
follows that the observed values in either of these periods may not represent 
the true vitanun A status of a person 

(h) In 12 cases out of the 39, the dial readings obtained did not correspond 
with the vitamin A intake in their diet (c/ Table I) 

J, Mr 


13 
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(c) The prehminary darlc adaptation of 10 minutes was not sufficient to bring 
the various subjects to a umform condition of dark adaptation of then eyes This 
IS obvious from Graph 4 m which it will be seen that the hght-threshold values of 
the same person under the same conditions of the dietary intake of vitamin A, at 
10 minutes after dark adaptation are mdely different under different conditions 
of the pre-adapting hght This question has been more fully discussed in connection 
with the defects of Hecht’s methods 

(d) Subsequent observations for 10 mmutes in the dark may fail to reveal the 
actual difference in the dark-adaptation curve of a deficient person from normal, 
as this difference may become more evident after 10 minutes (c/ observations of 
Booher et al , 1939, and Wald et al , 1938) 

It IS obvious from these observations tliat Jeans’ instrimient and technique 
cannot be expected to give consistent results about the vitamin A status of 
persons Palmer ct al (1938), Giidgman and Willanson (1938), and Isacs et al 
(1938) have also criticized the methods of Jeans et al and Birch-Hirschfeld 

Modification op the instrument 

As Hecht’s {loc ml ) instrument appears to be most satisfactory from 
theoretical considerations, the biophotometer was modified in accordance 
With the principles of this instrument The quincunx in the shutter of Jeans’ 
instrument was leplaced by a cameia diaphragm of approximately 4 cm 
diameter A thick black cardboard was pasted on the back of the diaphragm, 

1 e in the direction of the lamp There were two lioles of different diameters m 
this cardboard separated by a distance of 2 96 cm The tbameter of the larger 
hole was 1 26 cm It was covered by a piece of white paper of nearly the 
same quabty as that found at the back of the dot in the nnddle of the quincunx 
so that the light intensity of this field was made as nearly as possible equal to that 
shown by the middle dot of the qiuncimx This hght area constituted the test 
field in the modified instrument The othei hole (uncovered) had a diameter of 
0 5 cm and constituted the fixation point The diameter of the larger hole was so 
chosen as to correspond to Hecht’s test field, 3° in diameter Its distance and 
direction from the other hole were such that when the smaller hole was fixated upon 
bv the right eye, the former hole had its miage focused 7° nasally on the retina where 
the populations of the rods and cones are nearly equal The lever of the camera- 
diaphragm can be worked from outside so qmckly that flashes of hght can be given 
m about 1 /5th of a second As coloured glasses of the specification recommended 
by Hecht could not be procured, white test hght was used 

Further examination of another batch op subjects by the modified 

INSTRUMENT IN ACCORDANCE WITH HeCHT’S METHOD 

Fifty -four subjects apparently of normal health and vision were examined by 
this modified instrument in accordance with the techmque recommended by Hec i 
The dark-adaptation values of the subjects, after their eyes were exposed to a bleac i 
mg hght for exactly 3 mmutes, were recorded in a completely dark room a ® 
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following intervals, vm V nrmute, 1 minute, 3 minutes, 5 minutes, 6 mmutes, 
7 mmutes, 8 minutes, 9 mmutes, 10 minutes, 15 mmutes, 20 mmutes, 26 minutes 
and 30 mmutes The data about food intake by vanous persons exammed were 
collected m the foUowmg way each subject was given a diet card to be filled up 
as per instructions given therem In the case of boys these cards were filled up by 
their guardians who were requested to give a fairly approximate proportion of the 
vanous foods consumed by their wards under examination The average vitamm 
A mtake per diem was calculated from their daily food consumption for a period 
of a week or so 

Results of examinations — ^These are given m Table II and Graphs 2 and 3 


Table II 


The frequency dtslnbulion of 54 apparently normal subjects with 
regard to their final light-threshold values measured 
according to the principles of Eecht 


Threshold valces thiett mindtes after 

THE STASDABD UQUT ADAPTATION 

i 

I Frequency distnbution 
according to final 
tbreshola values. 

In dial reading 
(D R) 

In raiUifoot 
candles 

Log micro 
micro lambert,* 

90 

0 0023 

^3617 

1 

1 

85 

0-0036 

3 5441 

1 

1 2 

80 

0 0051 

3 7076 

4 

76 

! 

1 0^0077 

i 

3 8865 

0 

70 

1 

0 0114 

4 0369 

21 

66 

0 0170 

1 

4 2304 

7 

60 

0 0252 

1 

1 

4 4014 

6 

65 

0-0376 

4 5740 

6 

60 

0 0557 

4 7459 

2 

46 

0 0767 

4 9261 

1 

* 1 micro-lambert = 1 mfllifoot candle 
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Table TI shows the distribution of the subjects with regard to then final liglit 
perception values during dark adaptation, obtained at exactly 30 minutes after the 
bleaching light was switched off and expressed in a gradually descending scale of 


Graph 2 


Slmoing the frequency dislribtUton of 64 subjects mth regard to their 
final light-threshohl values determined according to 
Hecht's method (cf Table II) 



dial readings and Graph 2 shows graphically the same results Graph 3 is a . 
of some dark-adaptation curves which are considered to be typical o norm 
deficient persons 
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Graph 3 

Showing some typical darl-adaplation curves obtained by HecMs methcd 



Time m minutes 

Curves I, 2 and 3 — subjects deficient la vitanun A 
Curves 4 and 5 — normal subjects 


Discussion of besults 

(t) The kink at the point of mtersection between the cone and the xod- 
adaptation parts of these dark-adaptation curves was evident m 28 cases only 
(l e in roughly 50 per cent cases) and appeared about 7 minutes after the 
nleaching hght was switched ofi 
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The absence of kink in most cases ^vas probably due to two reasons — 

(tt) If a coloured test patch had been used, the disappearance of colour which 
marks the termination of cone adaptation, could have been easily recognized 

Graph d 


Showing the effect of iire-mUiptalion light on the visual threshold values 
of light during dark adaptation 



(1) A subject exammed immediately on coming from outside on a rainy day 

t2) The same subject esammed as before on coramg from shades on a bright sunny day 

(3) The same subject after commg directly from bnght aunbght 

(4) The same subject after his eyes are exposed to the blenching light for 3 mmutes 

[h) The kink probably lay in the intenm period of exarmnation of the eyes 
with the test hght and thus evaded the notice of the observer 
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In) lu 5 persoQS wlio A\ere stiff enug from diseases mth mvolvement of the 
liver, such as hepatitis, jaundice, etc the kiuk appeared in the foUomng intervals 
since the coinniencement of dark adaptation 

(а) *tfter 8 minutes in 2 cases 

(б) „ 9 „ in 1 case 

(c) „ 10 „ m 2 cases 

As the normal mtenal at which the hnk appears is 7 imnutes, it may be 

concluded that h\ er troubles delaj its appearance Hecht and Mandelbaum (Zoo 
cit ) also obsen ed that whde the cone-rod transition tune remains unaltered during 
vitamin A deficiency it is delayed in cirrhosis of bver Thus, the lengthemng of the 
period of cone-rod transition in lesions of h\er may prove to be a valuable aid to 
diagnosis of such cases 

(in) lu compamig the vitanun A (and carotene) mtake of these persons ivith 
their hght perception values at 30 minutes after the evtinction of the bleaching light, 
it was noticed that there was correspondence between them in 33 cases (out of 54) 
Thus, a person taking daily about 1,000 I U of vitanun A shoved a D R of 56 
[= 0 035 miUifoot candle (m f c )] On his taking one cup of millv and 2 eggs 
daih for 7 days in excess of his diet, his D R rose to 65 (= 0 017 ra f c ) Again 
a person consunnng roughly about 3,000 I U of the vitanun dady, showed a D R 
of 70 (= 0 011 m f c ) and another taking daily over 4,000 I U gave a D R of 85 

0 0035 m I c ) 

There was no correlation m 21 cases between their D R values and the vitanun 
A intake Some of these subjects were either snffermg from dyspepsia or had a 
previous attack of typhoid or kala-azar 

(ly) It wiU be observed from Table II that a majority of the subjects, viz 
63 per cent, gave a D R value of 70 and above If this D R value, viz 70, be 
provisionally taken as the minimum final bght-threshold value of a normal person, 
then there is a deficiency of 37 per cent amongst the subjects -Vs out of these 
54 persons 30 w ere college students (age 17 to 24 years) and 24 were employees 
(age 18 to 50 years) of moderate mcome, and as 9 students and 11 employees 
had D R values below 70, the percentage of deficiency amongst the students 
and employees comes up to 30 and 46 respectively 

Hecht, on using vnolet hght m the test field, took 80 as the uummnm D R 
value of a normal adult The acceptance of a lower D E value, viz 70, as the 
mimmal value with this mstrnment, is justified as white hght which has a much 
lower photochemical activity in the dark than blue or violet hght, has been used 
m the test field of the modified instrument 


Defects of Hecut’s method as empeoyed 

(0 No cognizance was taken of the hght-adapted condition of the eye before 
It IS exposed to the bleaching hght Matthey (1933) demonstrated that a full 
prelmuna^ dark adaptation is required to ensure a standard curve independent of 
previous light Thomson el al [loc cit ) have shown (a) that without any preluu- 
mary dark adaptation before experimental bleachmg the dark-adaptation curve is 
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not only not constant for the same individual but vanes very widely from that 
obtained after full preknunary dark adaptation and (6) that a prehmmary dark 
adaptation of 10 minutes followed by bleaclung is inadequate to eliminate the effects 
of previous light {vide also discussion of the results obtained by Jeans’ instrumeat) 

(is) It 13 doubtful, if 4 minutes’ exposure of the eyes to a strong but bearable 
light can completely bleach the visual purple of the retma and thus brmg the retina 
to a umform condition before the dark-adaptaiion study begins It has been shown 
by Lythgoe (1940) that in animals, such as rats, frogs and cats, whether the visual 
purple 13 protected or not from light by the nngrating pigment epithehum, consi- 
derable quantities of visual purple still remain unbleached after then eyes are 
exposed to an illumination of 1,000 me (metre candle) for a considerable length 
of tune 

{m) As the time reqiured for the exanunation of a smgle person is nearly 
three-quarters of an lioiu, it is unsmtable for the assessment of a large number of 
subjects 

Necessity for an accurate but quick method for assessing vitamin A deficiency by 
visual-adaptation tests — In view of the defects in the techmques employed by Jeans 
et al and Hecht et al necessity was felt for the evolution of a qmck yet accurate 
method for deternumng visual adaptation Thomson’s method of bnngmg the 
subject’s eyes to a umform condition of dark adaptation before they are exposed 
to the bleaching hght appears to be theoretically sound, and constant hght 
threshold values in the dark were also obtamed thereby from the same person 
Curiously enough, Thomson et al , by apphcation of then method, came to the 
conclusion that ‘ neither the rate of dark adaptation nor the hght threshold of 
the fully dark-adapted eye has necessarily a close correlation with the mtake of 
vitamin A m the diet ’ — a conclusion which is defimtely contrary to the findmgs 
of numerous previous workers on the subject and of the authors as well 

This strange conclusion is probably due to certain defects m their mstrument. 
These are — 

(o) The areas of the test fields in Thomson’s and Hecht’s instruments are 
38 2 sq cm and 1 2 sq cm respectively The effect on the retma of the lUumma- 
tion of the former test field when seen through aperture No 2 of that instrument 
(vide sup} a), which is the standard threshold m that instrument, is expected to be 
38 2/1 2, 1 e 32 times greater than that of the latter, for Aubert noticed ‘ that the 
threshold value of a feeble hght stimulus varied inversely as the area stimulated 
(Greenwood, 1910) Accordingly, the standard threshold in Thomson’s instru- 
ment may be considered to have the effect of an illumination equivalent to 
0 0021 X 32 = 0 672 m f c and not 0 0021 m f c , as mentioned by Thomson 
(loc cit ) This intensity of hght, viz 0 672 m f c , corresponds to a D B va ue 
between 46 and 60 (Table II) and was perceived dunng complete dark adaptation 
by a large majonty of vitamin A deficient persons exammed by the authors 
IS thus evident that Thomson’s technique failed to identify the deficient cases a^n 
it 13 not, therefore, surpnsmg that he was led to the strange conclusion abou e 
absence of correlation between the vitamin A mtake and the hght percep ion 
in the dark 
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(h) It may also be pomted out that Thomson et al did not examine a sufficient 
number of deficient persons so as to justify then conclusion which conflicts with the 
findings of a number of previous workers, such as Frandsen (1937), Toverud (1937), 
Booher et al (1939, 1940), Gndgman and Wilkmson (Joe at ), McKenzie (1938, 1939), 
Hecht and Schaeler (foe ett ), Hecht and Mandelbaum (loc at ), Wald et al (1938), 
Pott (loc cit ) and Tansley (1939) 

It, therefore, appeared to the authors that if Thomson’s method of brmging 
the eyes of subjects to a uniform condition of pre-adaptation, as previously referred 
to, be adopted and Hecht’s mstrument be employed for determunng the visual 
adaptation, accurate results may be expected Hecht and Mandelbaum (foe cit ) 
have emphasized the value of plotting the whole curve instead of deter mi n in g an 
isolated pomt on it, such as the final cone threshold, cone-rod transition time, 
final rod threshold and the time required for reaching the latter The importance 
of plottmg the whole curve is obvious from the fact that there are two variables 
m the dark-adaptation curve, viz the rate of restoration of the visual 

perception, i e ^ , at any time and the rod-threshold value at that time (i e I), 

and that these variables may have different values m difierent normal persons 
and may be differently affected m different deficient persons Thomson et al 
(loc cit ) and others have pomted out that the determination of the first variable, 

1 e ^ , by a sunple assessment of the time for reachmg a given threshold, does 

not gi%e constant results Smee both I and ^ vary throughout the course of 


dark adaptation, a ngorous method should mclude the measurement of both these 
variables throughout the whole course of the dark adaptation The expression 


rr 


/ (Ij) * representmg the area of the surface between the curve of 


dark adaptation and the two axes, seems to mdicate a true entenon of the 
\'itanun A status, proiuded the dark-adaptahou curve is drawn after the eyes 

are first brought to a state of equdibnum, i e ^ = o, and are then exposed to 
the bleaching hght 


The^ great disadvantage of this rigorous procedure is that it would take 
20 to 25 minutes for pre-adaptation, 4 nunutes’ exposure to bleaching light and 
30 to 45 nunutes for the subsequent dark adaptation, i e from 55 to 76 minutes for 
the exanunation of each subject This is an unusually long procedure which is 
absolutely uusmtable for large scale assessment of vitamm A deficiency It is 
therefore, desirable that a much quicker but fanly accurate method be evolved 


« lo indicates the threshold value at the beguming of the dark adaptation, ne immediately 
after the Weachmg hght is switched off. the threshold value on complete dark adaptation, 

ne Mhen u agam zero, and t = the minimum time to reach complete dark adaptation. 
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and that the tedium of sitting alone in the dark room be dispelled so that 
the illiterate people may be easily induced to subject themselves to tins 
examination 

A simple, quid, but fairly (iccunUe mclhod — In evolving such a method the 
question has to be considered which of the two variables mentioned above is more 
important and show’^s more pronounced changes under different conditions of vitanua 
A saturation of the body Boohcr clal (1939) have already pointed out that the 
deternunalion of the second variable, i e the final rod-threshold value, is more 
important and a reference has alreatl} been made as to the remarks of Thomson 
et al {loc cit ) about the determination of the first variable It is" therefore 
expected that the measurement of the threshold value at complete dark adapta- 
tion will give fairly satisfactory and comparative results 

In determining this value alone the prehminary dark adaptation and the 
exposure thereafter of the eyes to the bleaching hght are unnecessary for, as is 

shown below, they are related to the determination of ^ and not of I 

The prehminary dark adaptation m accordance wnth Thomson’s method is 
expected to bring the retina of the subjects to a umform condition of power of vision 
in the dark, i e to bring the concentrations of visual purple m the retma of vanous 
subjects to the same level, for it has been assumed that the power of visual percep- 
tion of retma in the dark is a function of concentration of visual purple If the retma 
be now exposed to a hght of uniform intensity for the same period in the case of all 
subjects, the photochemical dissociation or decomposition of visual purple is justi- 
fiably expected to be the same m all cases In the following penod of darkness, the 

velocity of regeneration of visual purple ^ ) is expected to be proportional to the 

supply of vitamin A in the retina, the concentrations of other substances required 
in this regeneration remaimug necessanly the same in aU subjects as they are amongst 
the products of photocheimcal decomposition of visual purple (WaldeinZ , 1937-38, 
Lythgoe, 1940) It is thus obvious that for ascertaimng the Antamin A reserve 
in the body of a person and comparing it with that of another by the determination 

of the rate of restoration of visual perception ^ i e of ^ , a uniform imtial 

dark adaptation, followed by the bleaching of the retina to the same extent, is 
essential But in the deterimnation of the final threshold value which worn 
naturally depend on the total quantity of visual purple in rods, two factors wmc 
would profoundly influence the latter are the period of stay in darkness and e 
total available amoimt of vitanun A m the retma Accoringly, the prehmmary 
dark adaptation and exposure to bleachmg hght are not necessary and have accor 
mgly been dispensed with 

Tedimque of the netv method — ^A batch of 10 to 12 persons are taken directly 
to the dark room and are examined immediately one after the other ivith the 
fled instrument Tho purpose of this exammation is just to make the 1®, , 
fanuhar with the instrument Without exposing their eyes to the bleachmg g » 
the exaimnation of their eyes was conducted from tune to tune till each su j 
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reaches a steady state with regard to his power of perception This final threshold 
value is then noted The tune required by the different subjects to reach a steady 
threshold is found to vary from 15 to 30 minutes 


Graph 6 


Shomng thejreqiiency disinbiUion toilh regard to final threshold values of 341 
students (curve 1) and 161 employees (curie 2), all apparently 
of normal health and vision (cf Table III) 



D R. values 


among, t a. groups „( nnbjocts twSS rf fc': 
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different scliools and 161 employees of moderate income One of the three schools 
from which the students were selected for examination is a free school for poor 
students who cannot afford to pay their tuition fees 


Table III 

Showing the frequenoy dislnbitUoii accoiding to the final rod-threshold lalues 
diuing dart adaptation amongst different gioups of subjects, viz 
311 students of different institutions and Ibl emjdogees 
The students and employees iiere of apparently 
normal health and had no eye lesions 


TmiEsnoLD valuls on comi-lite 
DABK ADAITITION 

! I'ULQUENCY DlbTUlBETION OF THE DIFEEEBNT 

j aUODFS OF SUBJECTS 

D R 

1 alues 

MiUifoot 

candles 

Log 

micro micro 
lambcrt 

1 _ 

1 96 Haro 
School 
students 

i 170 Hindu 
School 
students 

76 Moti 
Seal Free 
School 
students 

i 341 
students 
(total) 

161 

employe 

90 

’ 0 0023 

3 1617 

19 

49 

21 

89 

12 

86 

0 0035 

3 5441 

18 

22 

14 

54 

14 

80 

0 0051 

3 7076 

37 

66 

1 -5 

118 

38 

76 

0 0077 

3 8866 

8 

0 

8 

25 

16 

70 

0 0114 

4 0569 

I 11 

22 

1 2 

36 

37 

65 

0 0170 

4 2304 

1 


2 

2 

1 

60 

0 0262 

4 4014 

2 

6 

1 

9 

14 

1 t 

56 

0 0375 

4 6740 


1 

1 

> 

' 0 
ff 

60 

0 0667 

4 7469 


3 


3 

0 

46 

0 0830 

4 0191 


1 


1 

X 

1 

40 

0 1240 

1 6 0934 

1 

1 

1 

3 

•i 

1 

36 

0 1840 

1 6 2648 



1 


i 

1 

30 

0 2740 

6 4378 



1 

1 


X 

J 

20 

0 6040 

6 7810 



f 


0 

1 

16 

1 0 8980 

6 9633 

1 

1 

1 


o 

Z. 0 

7" 2 9600 

6 4713 


1 

1 

1 




Amongst the employees there were some who had recovered recently from one “ - 

other These cases and their D R values are given below Further, the T) K va 
whose diet differs suhstantiaUy from the average are also given belon 


{*) 

(>0 

( 1 ») 

(iv) 

(«) 

(w) 

(wi) 

(am) 

(<*) 

(®) 


1 subject recently suffering from intestmal troubles had D R — 60 i u r the 

1 subject had an attack of dysentery 6 months ago and of kala azar a litt e o ore 
exammation D R. = 40 

1 subject recently suffermg from malaria and chrome dysentery D E — 

1 subject just previously suffermg from malaria although taking a good diet 
1 just previously suffermg from kala azar and spleen trouble D E -0 

1 previously suffering from kala azar but usually takmg a good diet D 

= 20, 20, 20 and 70 First 3 taking a 


D B. = -15 


00 


D R 


4 subjects suffermg from hver troubles 

very poor diet, the last one a very good diet , , , „ ,viilir 

3 cases takmg purely a vegetarian diet D R = 40, 60 and 60 , a i e or n 
1 case takmg purely vegetarian diet but enough of milk D E — 

1 previously suffermg from typhoid and also from chromo dysentery 


D E = 60 
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Discussion —It would be observed that amongst the 341 students (Table III) 
a large proportion (i e 77 per cent nearly) had the final threshold \alue of 80 D E 
or above, corresponding to 0 0051 m f c or even lower values, and that even 
amongst the poor students of the free school, the proportion having the above- 
mentioned final threshold value is not lower than 77 per cent As regards the 
employees, only 40 per cent of the persons examined had D E of 80 and above but 
nearly 73 per cent showed a D E of 70 and aboie 

From Graph 5 which shows the frequency distribution with regard to final 
threshold values of 361 students and 161 emplo>ees of apparently normal health and 
with no distinct eye lesions, it is noticed that amongst the boys the distnbution 
frequency is overwhelmingly maximal at D R — 80, but amongst the employees 
it shows two peaks, one at 70 and another at 80 In view of these considerations 
D E “ 80 may be taken as normal for boys and D E between 70 and 80 for 
' adults 

In the footnote to Table III the D E values are given of certain employees 
who had recently recovered from one or other ailment and of others whose diet 
uas substantially different from the average diet of these persons It is noticed 
that persons who suffered from spleen or hver troubles had the lowest D R , and 
then those who were living on a purely vegetanan diet without imlk 

Effects of administration of large doses of vitamin A per diem to some of these 
deficient persons — ^Nearly 50 persons were selected for these expenments, but only 
8 of them could be re-examm^, as others did not turn up after the mtake was over 
The results of intake of vitamin A are given below in detail in Table TV 

It 13 evident that while there was a positive improvement m the light perception 
m all the cases, there was no marked improvement in Bitot’s spots or pigmentation 
It may be that they are either produced by multiple factors or that, being caused 
by prolonged vitanun A deficiency, they can be cured only by a prolonged mtake 
of large doses of the vitamin 


Experdcents on the oPTOimi requirements of vn-AMiN A 

In assessing the vitamm A deficiency of persons the question naturally arises 
what is the optimum reqmrement of vitamin A of different persons E we 
consider the optimum requirement of vitamin A as that amount which will confer 
on a person the maximum power of adaptation in the dark, it becomes necessary 
to find out what that power is, i e what is the highest value of D R that can be 
obtained m a healthy person when he is saturated with vitamm A It would 
then be necessary to find out what amount of daily intake of vitamm A can mam- 
tom a person at that condition of hght perception in the dark, which is exhibited 
by a satumted person. Expenments were, therefore, performed to saturate persons 
by large doses of vitamm A and to note if then D R values attorn a steady state 
then to asce^m if the D R values at the steady state are the Lme or 
^erent with Cerent persons and further to find out at what mmimal dose 
tms u K value at the steady state is mamtamed 

The results of these experiments are gi\en m Table V 
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Discussion — ^It 13 obvious from these experiments that a steady state with 
regard to adaptation is reached during saturation and that this steady state is the 
same, viz a D R value of 90 for all persons This value cannot be exceeded even 
after prolonged intake of 10,000 I U of vitamin A On examining Tables I, 
II and III, it will be observed that the D II value of 90 was never exceeded by 
any person between the ages of 0 and 60 

Further analysis of Table V shows that the D II of 90 is mamtamed with a 
daily dose of 6,000 I U of vitamin A {cf experiments with K C R , P B and 
N K D ) Accordingly, 5,000 I U of vitamin A per diem may be considered as the 
optimum requirements of vitamin A for adults Booher el al (1940) also considers 
the optimum requirements of vitamin A for industrial workers to be 5,000 to 6,000 
I U per diem 

Experiments with R P and S G (Table V) reveal that a daily dose of 4,000 
I U of vitamin A was required to maintain the D R value at 80 , and a dose of 
3,000 I U to maintain the D R at 70 Since a very large proportion (77 percent) 
of the healthy boys gave a dial reading of 80 or above [mde Graph 5), 4,000 I TJ of 
vitamin A may be accepted to be the normal or minimum requirements for boys 
per day Again since majority (73 per cent) of the employees liad a D R of 70 
or above {mde Graph 5), 3,000 I U of vitamin A may be accepted to be the normal 
or miminum requirements for adults per day 


Summary 

1 Thirty-mne persons were examined with a biophotometer according to 
Jeans’ method for the assessment of the vitamin A content in their bodies It was 
found that borderline cases cannot be detected by this method and that there is no 
correspondence in several cases between the dietary mtake of vitamin A and the 
hght-threshold value obtained by this instrument 

2 In consequence of this discrepancy both the mstrument and the techmque 
were modified in accordance with the suggestions of Hecht Fifty-four apparently 
normal persons were then examined according to the method of Hecht by the modi- 
fied instrument A fair amount of correspondence was observed in the case of a 
majority of subjects between the vitamm A intake and the hght-threshold value at 
30 rmnutes after the extinction of the bleaching bght But there were certain casM 
in which there was no correlation betw'een the observed D R values and the 
dietary intake This absence of correlation is found to be due to certam inhereu 
defects of the method, and the means of ehrmnating these have been discusse 
in the paper 

The great disadvantage of Hecht’s method is the time (viz an hour) xeq^ed 
for the examination of each person Accordmgly, it cannot be applied for a arge 
scale determination of the vitamin A status of persons 

3 In view of this great disadvantage of Hecht’s method, a modified 
has been suggested by the authors, the rationale of which has been discu^e m 
text According to this modified method a batch of 12 persons are siniultaneou , 
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examined m the dark, without any preliminary dark adaptation and exposure of 
their eyes to a strong bleaching light, and their final hght-threshold values in the 
dark are ascertained These values give the vitaniin A status of the subjects 

Three hundred and mnety-one apparently normal school boys from families of 
difierent economic status and 161 employees of moderate income were examined 
by this method 

Nearly 77 per cent of the boys were found to have a high D R value of 80 or 
above on complete dark adaptation, mdicating that the vitanun A content in their 
bodies a as normal Amongst the employees although only 40 per cent had reached 
this high D R value, nearly 73 per cent did actually satisfy the mimmal value for 
adults, 1 e thenr vitamin A status may not be regarded as deficient After prolonged 
admimstration of large doses of vitamm A to some patients, their D R values were 
invariably raised, but symptoms, such as pigmentation of the conjunctiva or Bitot’s 
spots were not cured The apparent absence of any effect of ingestion of vitamin 
A in large doses, on Bitot’s spots and pigmentation, might be due either to the fact 
that they are caused by multiple factors or that a much more prolonged mtake 
13 necessary to remove these symptoms 

4 The optimum requirements of vitamm A for an imhndual are concluded 
to be 5,000 1 U daily, while the minimum requirements for the boys and adults 
4,000 and 3,000 I U respectively 
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Subject of this study. 

A GOOD many surveys of physical development m Indian children have been 
carried out (Aykroyd and Rajagopal, 1936, Aykroyd, Madhava and Rajagopal, 
1938, Cliatteqee, 1938, Mitra, 1939, Narindra Singh, 1939, Shoune, 1939, 
Wilson, D C , 1939 , Wilson, H E C and Mitra, 1938) Hoive-ver, the population 
of India IS so heterogeneous that it may be of value to add to the surveys aheady 
carried out one from the Punjab 

We studied the rveight and height of about 1,600 Punjabi boys from 6 to 23 
years of age hfevt vanous body measurements were recorded, such as length of 
lep, chest girth, etc , and compared with those of other groups From these 
data we have calculated certain proportions and mdices 

''Students m a Mission High School and in Gordon College m Rawalpindi, and 
also m a Mission High School m Sialkot, were exammed This was a yearly 
routine medical exammation Of these groups the college students are imdet 
the most comprehensive medical supervision 

Results 

A Absolute body measurements — ^Table I shows average values for vanpus 
measurements in the difierent age groups The number of subjects is given m 
brackets 

(1) Column 1 m Table I shows the weight averages from 6 to 23 years In 
Graph 1 these are compared with those of Bengab, Kashmm, Assamese and 

( 613 ) 



Table I. 

Average values for various measuremerds of Punjabi hoys 
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Physical Develojyment of Pimjabi Boys 


Central European ciiikhen (Cliatterjcc, loc eit , "Wilson, D C ,loc cit , Mitra, loc 
at , Pirquet after Brock, 1930) The Bengal, Kashnur and European figures aie 
slightly higher than those fiom the Punjab The diSerences are not considerable 
up to the age of 16 , this coincides with previous experience The differentiation 
of development seems to take place only after puberty The graph shows that 
the weight of Punjabis and Europeans continues to increase steadily after 16, 
while the Bengali curve Qattens out We have given m the chagram also* the 
average weight of childien m Assamese tea-estates as an example of a badly fed 
population The curves from Orissa (Narmdra Singh, loc cit ), rural Bengal 
(Mitra, loc at ), Marwari families from Calcutta (Mitra, loc. cit ), Delhi provmce 
(Shourie, loc at ) and South India (after Narmdra Singh, loc cit ) fall 
between those of Punjabi and Assamese children It is noteworthy that 
Chatterjee’s values, based on high school and college students in Bengal, are 
nowhere reached by those of Mblsou, H E C and Mitra [loc at ) 

(2) Column 2 of the table gives height averages In Graph 2 these are 
compared with figures fioin the other groups Up to the age of 15, Bengalis (after 
Chatterjee, loc at ) aie slightly taller than Punjabi boys After this age is 
reached the Bengah cmve flattens out, and the Punjabi curve ‘ overtakes it 
at 18 So does the cur\ e for European cliddreu At 17 to 18 years, the Bengah 
curve becomes quite flat, while the Euiopean curve is stdl ascending steeply 
The Punjabi curve shows a medium slope The Assamese values for height, 
like those for weight, are low m all age groups The figures from other distncte 
again he between those given by the Punjabi and Assamese children, thoug 
nearer to those of the Punjabis 

There is a slowmg of grmvth m Punjabis and Marwaris (vegetarian, town 
dwelbng middle class people from Calcutta, non-Beugabs, after Mitra) between 
and 12 years In Kashmiris (Wilson, D 0 , loc at) there is almost a cessation o 
growth at the same period In the children from Delhi province (Shourie, loc ci ) 
a deci eased rate of growth is found between 10 and 11 , m Assamese 
and 10 years Further investigation is necessary to discover whether 
phenomenon is due to too small a number of observed cases or if an ac u 
retardation of groivth rate takes place 

Brock (loc at ) shows that dififereuces in height at buth in different races ar 
mconsiderable and that it is after puberty that differentiation in sta lue a^^^ 
place In general early puberty makes foi an eaiher conclusion of gioW 
therefore for smaller size Friedenthal (quoted by Block, loc at ) pom s 
between the age of 9 and 14^ yeais Japanese are taller than European c 
at 20, however, the Japanese are about 6 per cent smaller than |ur P , 
Weissenberg (quoted by Brock, loc at ) has suggested that the a er 
maturity occurs, the greater the final stature attained 

(3) Columns 3 and 4 of the table show chest guth measured at 

mspuation We measured the cucumference horizontally, mime la e y 
lower angle of tlie scapulm The average values for the expande c , 

between 18 and 19 years with Chatterjee’s {loc at ) values It is no e , 

at the begiumng of puberty, i e m Punjabis at the age o yo > 
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Walter Fahisch and H J Hamburger 

Graph 2 



17 aad 18 years That too might indicate that Ben^hs have an earher puberty 
L w. aliLdy tesed m paras (1) and (2) The chest »' 

Punjabis increases between 6 and 13 years by 0 5 inch per year, and between 13 
and 18 years by 1 08 inch 
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(4) Columns 5 and 6 ol the table sliow the sagittal chest diameter in expiration 
and inspiration The diameter was measured with the help of a wooden compass 
with parallel branches at the level of the 9th rib The rate of mcrease in these 
measurements becomes more rapid at the age of 13 years, and is more pronounced 
after 13 years than the increase of the circumference values of column 3 This 

Graph 3 


% 



means that after the begmmng of puberty the sagittal diameter i e the depth 
chest, increases more rapidly than the transversal diameter 

(6) Column 7 m the table gives the abdommal circumference These v 
show a behaviour similar to that of the values of chest circumference 
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(6) Columns 8, 9 and 10 give the biceps and calf circumference and the 
length of leg Biceps and calf were measured at the point of their greatest 
circumference, the length of legs from the tip of the trochanter major to the ground 
The leg measurements are discussed later vuth the analysis of proportions 

B Proportions — The general structure of man {see Brock, loc cit), if 
followed up from foetal development to maturity, shows extensive changes The 
ch 9 ,ngmg of the proportions of vaiiOus parts of the body m relation to each otlier 
and the total size are of considerable interest There is the possibdity that these 
changes of proportions are dependent upon certain hereditary or environmental 
factoijs and vary in different groups of people 

Table II, columns 1 to 4, we give the proportions of leg, chest girth, 
chest diameter and abdominal gnth to total body size respectively Graphs 3 and 
4 shojw the proportions graphically Graph 3 compares the leg/height proportions 
of Punjabis with the values given by Weissenberg for Jews from Wilna 

' Taule II 


Vanous proportions {in peicenlage of height) 



1 

2 

3 

4 

Age 

Leg 

Chest girth 

Sngittiil chest 
diameter 

Abdominal 

girtli 

6 

48 3 

49 0 

12 3 

49 2 

G 

48 5 

48 8 

12 0 

46 3 

7 

49 2 

47 2 

11 6 ' 

448 

8 

60 2 

46 0 ; 

11 3 

43 8 

» 

50 6 

46 6 

11 2 

43 4 

10 

61 4 

45 2 

11 0 

41 9 

11 

61 6 

446 

10 8 

40 6 

12 

52 3 

45 1 

10 8 

40 7 

13 

62 3 

43 5 

10 6 

40 3 

14 - 

62 2 

44 1 

10 5 

40 1 

16 

61 2 

43 6 

10 6 

39 9 

16 


440 

10 9 

40 3 

17 


46 6 

11 0 

41 1 

18 


46 6 - 

11 1 

41 3 

19 


46 1 

■- 

11 7 

420 
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The study of the graphical pictures of these four proportions (Graph 4) shoivs 
two diametrically opposed tvpes The leg/height proportion ascends from the 
5th to the 12th year m a more oi less straight line That means that the length 
of leg and total body size grow at umform rate After 12 years the curve 
turns sharply, mdicating that the growth of the legs becomes comparatively 
slower In this period mcrease m length of the body is due mainly to grmrth of 
the trunk 

The curves of Punjabis and Jews from Wilna (Graph 3) show an analogous 
behaviour In the case of the latter the turn m the curve comes at 14 instead of 
at 12 years as m the case of the former 

The three other proportions, i e chest gmth, chest diameter and abdominal 
girth/height, descend dunng the penod (from 5 to 12 years) in which the leg/beight 
proportion mcreases Between 12 and 15 years, they ascend , this is m the period 
m which the leg/height proportion decreases This can be explamed by the fact 
that the leg/height proportion is one comparmg two measurements of extensions 
which are parallel to each other and to the body axis The other three proportions 
bnng mto relation longitudinal, sagittal and transversal extensions The descend- 
mg parts of these three carves relate to a penod m which growth m length 
predominates, while the ascending parts are an expression of the fiUmg up of 
the body 

C Indices — ^There have been attempts to find formul® which can be used 
to detemune whether an mdividual possesses the weight appropnate to his size or 
vice versa The body measurements employed m these formuhe have to be very 
simple, m order to make them apphcable m practice Among the best known 

indices are those of Quetelet ^ ^ ^ > Hohrei ^ 100^ , — here stands 

P for weight and L for length — and Borchardt 

(Weight minus ehest girth) multiplied by length 
Ho ~~ 

There is also the arm-chcst-hip mdex mainly employed for the detection of 
mabiiitrition and discussed by Aykroyd, Madhftva and Eajagopal (foe cit ) Not 
all of these are mathematically correct as they bnng mto relation factors of 
different mathematical dimensions, e g weight to length or weight to surface 
4^ e propose to hunt our discussion to the mathematically correct Rohrer index, i e 
weight o\ er the cube of length 

Table III shows the Rohrer index for our Punjabi boys compared with that 
calculated from the Pirquet tables after Brock [loc cit ) A first glance shows that 
the mdex is not a constant On the contrary, it falls from relatively high values in 
the earlv school age to a minimum between 12 and 14 years and later ascends a«am 
This means that the relation of weight to length does not remam the same d^ng 
the dev elopment of the child From 5 to 12 years the increase of length is treater 
than the mcrease of weight Later on this ratio is reversed. The well-known 
adolescent tj^ie, rather lean and with long legs, approaches more and more to the 
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adult t^e whicli is characterized by better muscular development, greater fat 
accumulation and predoimnance of length of trunk 


Table III. 
Rohrer indices. 


Ago 

Punjabis 

Europeans 
after Pirquet 

5 

4 88 

4 88 

6 

448 

4 27 

7 

4 31 

413 

8 

4 23 

400 

9 

4 37 

388 

10 

3 99 

384 

11 ' 

400 

j 3 76 

12 

400 

3 72 

13 

3 00 

3 68 

14 

3 90 

3 62 

16 

4 02 

3 71 

16 

413 

3 78 

17 

4 32 

3 81 

18 

4 26 

388 

19 

4 43 

3 88 


The importance of the indices m practice is comparatively small, as they 
do not represent biological constants, i e figures which are the same for all age 
groups Their use therefore has been more or less abandoned for chmeal purposes, 
but then importance for biometric investigations remains 

It is mterestmg to compare the values of the Rohrer index with the curves of 
the proportions as given m Table II and Graph 4 The shape of the Rohrer curves 
would be almost identical with that of the mdex curves The meaning of this 
similarity is as follows the curves of proportions are an expression of the fuUn^ 
of the body just as much as the curves of the mdices The proportions reflect the 
ratio of square roots of body cross sections to size They therefore do for certain 
parts of the body what the Rohrer mdex achieves in a more comprehensive way 
for the whole body (weight over cube of length reap cubic root of weight over 
length) 
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D Increment in height and loeight —The growi;h coefficient or increment m 
height and weight will now be considered The rate of growth falls from birth to 
about the age of 20, when it comes to a standstill This decrease of mtensity of 
growth however does not run in a straight Ime At the time of puberty there is a 
marked mcrease m the rapidity of growth The puberty phase of growth is of great 
importance because upon it depend the height differences of the two sexes The 
differentiation of racial types as far as dimensions are concerned occurs also in 
this period [sec para A (2)] 

Graph 5 gives the height mcrement of Punjabis, Bengahs and European 
children after Pirquet, and the values obtained by Guttmann (Brock, loc cit ) 


Graph 5 



Age in years 

Height incrementa of Punjabis, Bengalis, Pirquet and Guttmann children (Europeans) 


^ ® m^um of growth intensity occurs at 15 years, as it does 

^ Punpabi and Bengah curves show the maxunum dis- 

nf ^ le-affirms the generally accepted view of the influence 

of puberty upon the growth coefficient ^ mnuence 

in ^^jabis and Bengalis show another penod of growth acceleration nf 
10 years with a mimmum at 12 years B 'vtn acceleration at 
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The weight increment is shown in Grapli 6 We have again compared Punjabi, 
Bengah and European children All three curves show between the 12th and the 
15th year an increase of weight increments It is interesting to note that the increase 
begins with the Bengalis at 11, with the Punjabis at 12 and with the Europeans 
at 13 years The maximum is in all cases at 15 years But at 18 years there are 
again cliherences to be observed Europeans still maintain a weight increment 
of 7 per cent, Punjabis of 4 per cent and Bengalis less than 3 per cent, in contrast 
to what occurs at the begnimug of the acceleration 


Graph 6 



Age m years. 

Weight jncroments of Punjabis, Bengalis and Piniuet children 


Summary 

Data were collected about the physical development of Punjabi bo^ 
vanous body measurements were compared with those of other Indian an i 

groups Erom the figures collected, cert.am biometrical proportions, m ic , 
rates of growth were calculated and discussed in comparison with ose o 

groups 
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BLOOD UEEA CLEAEANCE IN NOEMAL INDIANS 

A STUDY BASED ON THE EXASriNATION OF 110 NOEMAL 

INDIAN MEN 


BY 

S K GOKHALE 

{From the Haffktne Institute, Bombay ) 

[Received for publication, March 17, 1941 ] 

Blood urea clearance test introduced by MoUer, McIntosh and van Slyke 
(1929) has come into wide use in recent years as the most sensitive test for 
estimating renal efi&ciency in kidney disease Gershenfeld (1933) remarks that 
it 13 ‘ capable of estimating renal insufficiency much earher and eyen the degree 
of renal functional damage, bemg a better indicator of the extent of anatomic 
' renal changes (both glomerular and vascular), than is obtainable by other kidney 
functional tests ’ 

Use of this test m the routme diagnostic work earned out m this Institute 
almost always gave low results showing extremely deficient kidney function 
These laboratory findings did not, however, seem to tally with the chmcal findings 
The examination of a few normal individuals also yielded low values. This brought 
mto question the vahdity of the use of Amencan standards for measuring the renal 
function in the case of Indian subjects Blood urea clearance is a relationship 
between the urea in blood and that excreted in urme m a given space of tune , and 
since it had been found by the author (Gokhale, 1939) that the blood urea 
content of normal Indians had the same value (9 mg to 16 mg N per 100 c c ) 
as in normal Amencans, the low clearance values could only be due to lower 
excretion of urea in unne by Indians That it was probably so, was indicated 
by the lov mtrogeu excretion m unne observed in a previous study (Gokhale, 
loc cii ) 

To clear this issue, 24-hour collections of unne of 47 normal Indian 
subjects were analysed and their volume, total mtrogen and urea mtrogen contents 

determined (method Fohn, 1934) The results are summarized in Table I 

A iw ( 627 ) 
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Table I 

Total nitrogen and urea mtiogen excretion in 2i-hour coUectio'n 
of urine of 47 normal Indian subjects 


' A\crngc 

Range 

Total nitrogen 

C09g 

'102g to9 84g 

Urea nitrogen 

' 406g 

2 74 g to 7 64 g 

Voltinio 

i 1,279 oc 

480 c c to 2,070 c c 


The average values obtained for total urinary nitrogen and urea nitrogen, viz 
6 09 g and 4 65 g respectively, are definitely much lower than the corresponding 
average values for those of Americans Total nitrogen 12 g to 18g , urea 
mtrogen 10 g to 16 g (Hawk and Bergeini, 1938) , urea nitrogen 11 g (MacKay 
and MacKay, 1927) This is in spite of the fact that the average volume of unne 
excreted in 24 hours is about the same in both the Indian and Amencan subjects 
(1,200 c c to 1,300 c c ) The average blood urea nitrogen content of normal Indian 
subjects IS about 12 mg per 100 c c of blood with a range of 9 mg to 16 mg 
per 100 c c (Gokhale, he cit ) (cf also Tables II and III herein) The average 
blood urea mtrogen content for normal American and European subjects is also 
about 12 mg per 100 c c of blood with a range of 9 mg to 15 mg per 100 c c 
(Eohn and Svedberg, 1930 , Berglund, 1922 , MacKay and MacKay, loo cut , 
Priestley and Hindmarsh, 1924, quoted by Peters and van Slyke, 1931) Thus, 
while the average blood urea mtrogen content is the same in both the American 
and Indian subjects, the average urinary urea mtrogen excretion is very different 
The reason for these differences hes m the difference of the diets of the two The 
diet of the Indians generally contams very much less proteins than that of the 
Americans or Europeans and a diet poor in proteins 1^1 give a lower 
mtrogen excretion but will not lower the urea mtrogen content of blood (Eohn, 
1917) Only if protem is almost entirely cut out of the diet, will it lower the 
urea mtrogen m blood (Smith, 1926) 

Thus, in view of the findings referred to above, that while the average blood 
urea mtrogen content is the same in both the American and the Indum su jec s, 
the average urinary urea mtrogen is less, it is evident that the 
clearance value obtained for Amencan normal subjects would not hod gooci 
for evaluatmg the kidney function of Indian subjects Therefore, 
value must be worked out for normal Indian subjects to estabhsh a standara o 
use m blood urea clearance test m diseased kidney conditions The presen 
was undertaken to provide this standard 

Subjects examined 

One hundred and ten normal Indian males , JA^em^Jverc 

were healthy young men mostly between 18 and 30 years of age . ^^rjuJe 

Lm the pJomnce“of Bombay Eifty-eight of the 
the remainmg were on a mixed diet There was n a 
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betweea the tvro diets (Sokhey el al , 1937 , Gokhale, loc cit ) Both groups sub- 
sisted more or less ou the same sort of diet Both consumed milk , those on mixed 
diet ate m addition a little mutton now and then The average age of the subjects 
was 26 years Height and weight averaged 5 feet 4| inches and 122 6 lb respec- 
ti\ ely giving an average body-surface area of 1 60 square metres 

Method 

The techmque followed for the blood urea clearance test was the same as that 
described by Moller el al {loc cit ) The subjects did not have any food, not even 
tea or coSee, after the usual meal on the mght preceding the niormng of the test 
Urine was completelj voided just before the test was begun and a measured volume 
of water, viz 400 c c was given to the subject to drink and the time no^ed The 
subject remained qmet during the ensuing test period of two hours Urine was 
collected at the end of the first and the second hour, the volumes measured and urea 
mtrogen content estimated (Fohn, 1934) About 50 minutes after the test began, 
a sample of 3 c c of blood was drawn from the cubital vem and collected m a small 
Erlenmeyer flask contaming neutral potassium oxalate G B Merck (2 mg per c c 
of blood) Urea nitrogen of the blood was estimated by Bohn’s {19M) method 

Moller et al {loc cit ) have expressed blood urea clearance as a relation between 
urea concentration m urme (U), volume of unne excreted per rmnute (Y) and urea 
concentration in blood (B), i e the volume of blood cleared of urea per mmute 
In their study they have shown that when the volume of unne excreted per minute 
is more than 2 c c the clearance which they call ‘ maximum clearance Cm, ib ex- 
uv 

pressed by the formula -g- , and w hen the volume of urme excreted per minute 
IS less than 2 c c the clearance called ‘ standard clearance Cg , is expressed by 

the formida ■ 

I> 

The results obtained m the present stud} are given m Tables 11 and m, 
‘ maximum clearance ’ values are given m Table II and the ‘ standard clearance ’ 
values are given in Table III In the diet column, V stands for vegetarian diet 
and "M for mixed diet — 

Tabie II 


‘ llaxtmuin clearance ’ values tn 37 normal young Indians 


Xumber 

j 

1 

1 

-Ape m 
' years 

1 

Diet 


B 

Blood nrea 
nitrogen mg 
per 100 c c 

1 

V 

Volume of 

1 urme 
e c per 

1 mmute 

U 

Urea 
nitrogen 
m unne 
mg per 
100 c c 

ilasunum 

clearance, 

UV 

g CO 

1 

20 

ir 

141 

.11 96 

205 

-226 

38 74 

2 

20 

V 

137 

1148 

2 78 j 

170 

41 17 




Blood Vrea Clearance in 

Table II — conlil 


NorwO'l InoAO/ns 


I Surface 
1 area 
Diet 1 square 


1 

1 

V 


V 

Urea 

B ' 

Volume of 1 

nitrogen 

Blood urea 

1 unne 

m urine 

nitrogen mg 

CO per 

mg per 

ner too e cv 

1 minute 

100 oc 


lloximum 

clearance, 

UV oc 
B 
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Table II — concid 


Jfumber 

Age in 
years 

Diet 

! 

Surface 

area 

square 

metres 

i 

1 

1 

B 

Blood urea 
nitrogen mg 
per 100 c 0 

V 

Volume of 
unne 
c 0 per 
minute 

U 

Urea 
mtrogen 
m unne 
mg per 
100 c c 

3Iaximum 

clearance, 

UV 

B ® 

29 

28 

V 

1 59 

9 76 

t 

' 3 37 

120 I 

41 43 

30 

28 

31 

1 73 ' 

0 38 

2 86 

127 1 

38 72 

31 

29 

V j 

1 67 

13 62 

1 413 

140 j 

42 45 

32 I 


3L 1 

182 

13 20 

1 2 33 

i 227 

40 01 

33 

M 

V 

1 70 

11 11 

1 242 

185 

40 30 

34 


31 

135 


. 2 76 ! 

108 

29 41 

35 

30 

V 

183 

I 12 19 

2 43 

179 

35 68 

38 

34 

31 

1 82 

1 11 87 

1 2 56 

187 

40 00 

37 

37 

1 31 

1 78 

9 94 

' 2 07 

1 

240 

52 10 

AVEBAaE 

26 


1 57 

12 04 

j 2 84 

177 

40 01 


Table III 


‘Standard clearance’ values m 73 normal young Indians 


! 

) 

1 

Aumber | 

Age m 
>ears 

? 

i Diet 

1 

Surface 

area 

square 

metres 

! B : 

Blood urea 1 
nitrogen mg 1 
per loo c c 

l 

I 

V 

Volume of ! 
unne 

0 c per j 
minute 

U 

Urea 
mtrogen 
m unne 
mg per 
100 0 0 

Standard 

clearance, 

U\Af 

B 

1 

20 

31 

1 68 

1 

14 60 1 

0 62 

646 

34 83 

■> 

20 

1 

3L 

1 72 

12 82 1 

1 \ 

0 75 j 

609 

1 41 14 

3 

20 

1 V 

181 

U02 

! 

0 66 

t 626 1 

30 47 

4 

20 

V 

173 

1 10 93 

0 52 

441 

29 04 

5 

20 

' 31 

1 02 

12 50 

i 

107 

364 

3011 

6 

21 

1 iL 

i 

1 39 

12 04 j 

064 

449 

29 83 

7 

21 

, V 

1 65 

10 20 

J 

182 

j 217 

28 70 
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Ivumbcr 


1 Surface B 

a™ m ^ . area Blood urea 

‘>q'»are , mg 

^ nietreii ! per a ® 


Volume of nitrogen 
urme unne 

a c per mg p^r 
minute 100 o c 


Standard 

clearance, 

U^cc 

B 


1 

34 

26 BL 

166 

35 

27 2L 

1 63 

36 

. 27 V , 

1 71 

37 

* 27 1 

165 

38 

* 27 V * 

1 70 

39 

1 27 At 

162 

40 

27 V ' 

1 60 

41 

j 27 it. 

145 

42 

^ 27 V 

1 61 



173 
1 W 
1 63 
1 40 
1 37 
1 66 

I 

1 47 1 

I 

1 64 

152 

1 56 

1 62 

1 59 

1 68 1 
I 

185 
1 57 
1 60 
158 


12 98 j 

1 75 

1212 1 

0 95 

10 63 1 

1 20 

10 42 . 

0 61 

12 30 

0 77 

9 70 

0 83 : 

13 48 

0 74 1 

13 88 

0 58 

13 24 

042 

10 03 

0 36 

11 36 

123 j 

12 98 

1 15 1 

1 

12 50 

0 45 

12 87 

1 13 

10 47 

044 

13 29 

0 58 

11 49 

0 52 

! 

1 13 61 

1 0 47 ' 

i ) 

1158 

j 0 88 

10 15 

j 105 

10 38 

063 

13 80 

i 

0 74 


20 76 
31 56 

34 71 

35 32 
38 00 

36 04 
29 36 
23 23 
27 64 
34 49 

31 90 
33 43 

37 49 

32 66 
39 63 

23 02 

24 42 

25 11 
3413 

33 47 
25 91 
33 62 
36 68 
39 28 
39 70 
43 62 
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Table III — concld 


Number 

Ago m 
years 

Diet 

Surface 

urea 

square 

metres 

B 

Blood uren, 
nitrogen mg 
per 100 c c 

V 

Volume of 
urme 
c 0 per 
mmute 

U 

Urea 
mtrogen 
m urme 
mg per 
100 0 0 

Standard 

clearance, 

Us/V 

B 

60 

20 

v 

1 60 

12 55 

1 14 

460 

39 16 

61 

29 

M 

1 62 

13 80 

034 

826 

34 90 

62 

20 

iL 

1 62 

13 70 

0 99 

426 

30 87 

63 

30 

V 

1 65 

12 12 

0 81 

341 

25 32 

64 

30 


1 b5 

13 89 

1 12 

360 

26 66 

65 

30 

V 

1 50 

12 77 

042 

631 

32 02 

6b 

30 

V 

1 90 

10 73 

0 80 

268 

22 33 

67 

30 

V 

1‘57 

10 91 

0 75 

403 

31 99 

68 

30 

JL 

1 71 

12 04 

0 92 

165 

37 04 

69 

32 

V 

1 56 

9 26 

1 04 

218 

24 01 

70 

33 

M 

1 63 

12 96 

1 90 

409 

43 52 

71 

33 

V 

1 06 

11 62 

0 90 

311 

26 40 

72 

33 

M 

1 63 

10 31 

1 37 

278 

3165 

73 

40 

V 

1 90 

10 63 

1 76 

261 

31 33 

Aveeaqb 

26 


1 61 

12 28 

0 897 

464 

31 60 


Blood urea cleabance values. 


The average maximum area clearance obtained was 40 01 c c (Table II) The 
individual values ranged between 28 69 c c and 62 10 c c The standard deviation 
was 6 355 and the range of sigmficant variation, viz 34 65 to 46 37, covered 
68 per cent of the subjects 


The average body surface area of these subjects was 1 67 square metres 
MoUer et al [loo cit ) have observed that, as the clearance varies m direct proportion 
to the body surface, a correction for body surface area should be apphed to the 
clearance value They have adopted as a standard unit a body surface area of 
1 73 square metres (this being the mean of surface areas for a large number of 
American men and women of 26 years of age) , and 75 c c the average maximum 
clearance value for Americans given by them corresponds to the standard body 
surface area of 1 73 square metres Unfortunately no rehable and sufficient data of 
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this kind were available for Indians For purposes of comparison, however, the 
average value of 40 01 c c obtamed for Indians becomes 44 c c when converted to 

correspond to a surface area of 173 square metres ^ =44^ This 

maximum clearance value, viz 44 c c , obtamed for the normal Indian subjects 
13 about 59 per cent of the average value of 75 c c obtained for American 
subjects 

The average standard clearance value obtained was 31 50 c c {Table III) The 
mdividual values ranged between 17 02 c c and 43 62 c c The standard deviation 
was 5 707 Seventy-one per cent of the subjects were withm the range of the 
significant variation, viz 24 79 to 37 29 

The average standard clearance value, viz 31 5 c c , for the 73 normal Indian 
subjects vnth an average surface area of 1 61 square metres would become, 
if converted to correspond to a surface area of 1 73 square metres, the 

standard adopted by iloller et al (loc cit ), 33 8 c c ^ ^ = 33 8^ This 

value of 33 8 c c or 34 c c obtained for the senes of normal Indian subjects of 
the present study is about 63 per cent of the standard blood urea clearance value of 
54 cc obtamed for the Amencan normal subjects by MoUer et al Thus, 
it will be noticed that the blood urea clearance values and are about 
60 pet cent of the normal figures for Amencan subjects Therefore the American 
standard cannot be used for Indians and if used would give erroneous results, 


eg a standard clearance value of 32 c c representmg 94 per cent ^ ) 

efficiency when 33 8 c c the average standard clearance value obtamed for Indians 
13 used, would represent only 60 pec cent efficiency, if the Amencan standard, 
54 c c , 13 used instead 


VIZ 


Indivxdoal variation in clearance values 


Some of the subjects in the present study were esammed agam on different 
occasions and their blood urea clearance values measured The results are 
summarized m Table IV 


Table IV shows the mdividual vanation in urea clearance value to be small 
as was also obsen ed by MoUer et al In spite of this, ' an erroneous impression 
would be created by the clearance formula if they were assumed to express 
with mathematical exactness the complete effects of aU factors mfiuencmg 
urea excretion’ (MoUer el al , loc cit ) StiU it seems to be the case, as pointed 
out by MacKay (1929), that blood urea content and urme volume are the 
two factors which are m continuous action and appear to be ordmanly of 
chief importance m regulatmg the urea output The conditions under which 
the test as deiTsed by MoUer et af is earned out. take care of the two factors 
and mmmize the effect of the other possible mfiuencmg factors to a great 
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Blood Urea Oleaiance in Nwmal Indians. 


Table IV 


Blood urea clearance values of 7 normal subjects o-n, different days 


Number 

1 

j Cltaruiico , 
1 valuo c c j 

1 Mtun untl 

1 atwndard 
deviation 

Number 

CIcuranco 

V aluo c 0 

Mean and 
standard 
de\ lation 


281 

■ 

( 

21 8 



35 0 



241 

M 23 6 

1 . 

25 2 

, M 30 7 

■1 • 

312* 

1 S D ± 0 62 


1 361 

1 

28 8 

SD ±47 


26 0 

1 




39 7 


1 


35 3 


5* . 

35 1 

M 37 2 

■ fe D ^ 3 3 


* 31 3 

32 0 


41 1 



f 

j 29 0 

S D ±33 


32 9 



1 30 0 


6 

25 1 

M 26 4 


1 



27 7 


f 

,34 7 







M 36 9 




3* j 

32 0 

t)D ±47 

7 ■ 

34 5 ^ 

M 33 3 

1 

1 

j 41 1 


31 9 J 



* This denotes maximum olearanco lalues when V was greater than 2 o c 


The results of this study show that diet has au luflueuce on the blood urea 
clearance value Most of the subjects studied were from the province of Bombay 
It IS recommended that similar studies be carried out in difierent parts of India 

Summary 

1 It IS shown that while the average blood urea nitrogen content (viz 12 mg 
per 100 c c ) IS the same in both the Indian and American or European normal 
subjects the average urinary urea nitrogen excreted in twenty-four hours by norma 
Indians (viz 4 65 g ) is less than half of that excreted by normal Americans or 
Europeans (viz 11 g ) although the average volume of urine excreted by both is 
the same (1,300 cc) 

2 The above findings showed that the use of American standards for 
evaluating the kidney function of Indians would give misleading results, since 
blood urea clearance la a relationship between urea m blood and that excre 
urme in a given space of tune 
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3 Tiie blood urea clearance standards for Indians are worked out by 
examining urea clearance in 110 bealthy young Indians from Bombay province 
iTith the following results — 


Averages and range of lariaiion in normal findings of 110 healthy 

young Indians 


Mean 
, c 0 per 

1 nimute 

i 

i 

Alaxinmm 
c c per 
minute 

Minimum 

0 c per 
minute. 

1 1 

Standard | 
deviation I 

1 

i 

Surface 

area 

square 

metres 

Clearance 
corresponding 
to surface 
area of 1 73 
square metres 

Maximum clearance 

UV 

B 

40 01 

52 10 

28 59 

i 

±5 d5 

1 57 

440 

Standard clearance 

eVv 

' B 

3160 

43 62 

17 02 

±5 71 ' 

1 

1 61 

33 8 


4 The average maximum clearance and tbe average standard clearance 
values obtained for the normal Indians were 44 c c and 33 8 c c respectively 
These i alues are about 60 per cent of those given for normal Amencans (maximum 
clearance 75 c c , standard clearance 54 c c ) 

5 Some normal mdividuals were exanuned on different occasions and the 
vanation m the blood urea clearance values studied 
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BY 

E GHOSE, M sc (Cal ), 

AND 

B ITDKEEJI, M B (Cal ), M d , d sc (ilich ) 
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Whilk engaged m devising experiments for the determination of the de- 
toxicating efficiency of the hver with special reference to its conjugation niechamsm 
(irukerji and Ghose, 1939a, b , 1940a, b, c), it was noticed that when a glucurono- 
genic drug like chloral hydrate was administered to a liver-damaged animal, the 
whole of the drug was not completely conjugated with glucuromc acid to form the 
non-toxic urochlorahc acid, as is the case m normal healthy animals, but a small 
part of the drug was being excreted unchanged as free chloral This observation led 
to the assumption that a damaged hver probably faded to elaborate glucuromc acid 
and carry out the protective conjugation process to the same extent as a normal 
healthy liver could do Such a state would naturally he reflected m a significant 
increase, in both blood and urme, of free chloral in hver-damaged animals In a 
previous commumcation (Mukerji and Ghose, 1940o), it was shown that chloral 
hydrate adnunistration m doses of 200 mg /kg brought about a significant and well- 
marked increase m the level of free chloral excretion in the urme of dogs in whom 
expenmental hver damage was induced by hepatoxic doses of carbon tetrachlonde 
The present paper concerns itself with a study of the comparative rate of free 
chloral concentration in the blood of normal and hver-damaged dogs The results 
obtomed appear to lend strong support to our assumption that free chloral leakage 
in blood and unne followmg the administration of a known dose of chloral hydrate 
IS roughlj proportional to the degree of hver damage 

( 639 ) 
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Chloral Cleaiance in Blood 


Experimental 

Animals and llmi heatmenl — healthy clogs weighing on an average 
between 6 0 kilo and 7 0 kilo w'ere chosen Chloral hydrate, m doses of 70 mg /kg , 
100 mg /kg , 160 mg /kg and 200 mg /kg , was administered through a stomach tube 
to each of these animals on different days Following chloral administration, 1 c c 
samples of venous blood were drawn from one of the hind-hmb veins at intervals of 
30 minutes for a period of six to eight hours The samples were then analysed for 
their free chloral content according to the method of Friedman and Calderone 
(1934) After a number of preliminary experiments [see Graph 1), it was found 
that the free chloral concentration in blood reached its maximum, about 45 minutes 
to 60 minutes, after the drug was administered Incidentally, this was also found 
to be the period when the maximum degree of somnolence appeared to supervene 
in the animals as a result of the drug In subsequent experiments, samples of blood 
were collected mostly during the period of maximum concentration of the drug 
in the blood (i e 45 minutes after drug administration) After a number of trials 
it was noticed that although the greater part of the dnig was excreted from the 
blood within ten to twelve hours folloiving an administration, small traces could 
yet be detected for a number of days, nsiially extending to a fortmght In order 
to avoid any fallacy m subsequent experiments due to the amount thus present, “a 
control sample of blood was taken before each fresh administration of the drug 

After the rate of the chloral clearance in blood had been ascertained in case of 
normal healthy dogs, liver damage was induced in these ammals with toxic doses 
of caibon tetrachloride as reported before (Mukerji and Ghose, 1940a, 6) At first 
a very mild grade of damage was brought about and the rate of chloral clearance 
was determined, as in the case of normal ammals, after the administration of 
identical dosages of chloral hydrate 

The ammals were then subjected to repeated toxic doses of carbon tetrachloride 
so as to bring about an advanced state of hver injury Eates of chloral clearance 
in blood were again ascertained imder these conditions 

Carbon tetrachloride admmistration was then completely discontinued and tlie 
rates of recovery of the damaged organs were gauged from time to time by observing 
the chloral clearance m blood 

Test for flee chloral — The method described by Friedman and Calderone was 
used The colour reaction is more or less specific for compounds of the E— C— - 
Halogens group, and is consequently obtainable only with free chloral 

|^CH{0H)3 CCl-jj After conjugation with glucuromc acid, chloral does not 

respond to this test The details are briefly stated below — 

‘ One c c of blood is taken in a test-tube and is de-proteinized according to the 

method of Folin and Wu by the addition of 8 c c of ^ H2SO4 and 1 c c of 10 

per cent sodium tungstate The contents of the test-tubes are then 
mixed by vigorous shaking, allowed to stand for 16 minutes and then n ere ^ 

■Five c c, of the blood filtrate are then taken into a test-tube to which are added ^ 
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Chloral Clearance %n Blood 


of 40 per cent NaOH and 1 c c of colourless pyridine After thoroughly mixing 
by brisk shaking, the test-tube is placed m a boiling water-bath where it is kept for 
exactly one minute and then cooled in an ice-bath for one minute Five c c of 
distilled uater are then added and the intensity of colour developed is determined 
by means of a photometer (Piilfrich tvpe) The determination has to be completed 
within a couple of minutes after the dilution with distilled water, as the colour 
fades away very quickly The results are then compared with a calibration 
cimm made with chloral hydrate solutions of different strength from which the 
absolute figures are readily obtained ’ 

Results 

In Table I are shown the maximum concentrations of free chloral m blood, 
attained after the oral administration of chloral hydrate m doses of 70 mg /kg , 100 
mgykg , 150 mg /kg , and 200 mg /kg It will be noticed that with an identical 
dose of the drug, the blood concentration shows a very uniform range in all the 
experimental ammals With gradually increasing doses of the drug, the free 
chloral concentration in blood also tends to increase but the slope of the 
curves (Graph 1) is more or less similar 

Table I 

Shoimig the blood concentraho^i of free chlaml m normal healthy ammals, 
folloiotng the oral admtmstraho7i of chloral hydrate 
%n different doses 


Maximum concentrat ion of free chloral in blood (mji per cent) 
Dose of chloral hydrate administered orally 



70 mg /kg 

100 mg /kg 

160 mg /kg 

200 mg /kg 

1 (6 3 kg ) 

1 16 

2 36 

2 80 

3 83 

4 (6 3 kg ) 

1 64 

2 26 

2 90 

3 66 

6 (6 4 kg ) 

1 16 

200 

3 32 

4 16 

8 (6 0 kg ) 1 

1 46 

264 

300 

4 20 


The effect of hver damage on the blood chloral concentration is shown in 
Tables II and III Table II shows the effect of comparatively minor degrees of 
hver damage, brought about by tbe admmistrations of only four to five doses of 
carbon tetrachloride Here, although the mcrease of blood chloral concentration 
is not very marked yet it is still significant The effect of severe hver damage 
on the chloial concentration in blood is evident from the figures shown ^ 
Table III There is a well-marked rise of the blood chloral concentration mciicaim^ 
a tendency to failure of glucuromde conjugation mechanism 
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Showing the effect of early liter damage {caused by four tofite admimslralions 
of carbon tetrachloride, each adimmstration 2 cc fig) on the blood 
concentration of free chloral, following the oral administration 
of chloral hydrate in different doses 


Alaximom concentration of freo chloral m blood (mg per cent) 
Dose of chloral hydrate adinuustered orallj 


Dog number ' 

1 70 mg /kg 

100 mg /kg j 

150 mg /kg j 

200 mg /kg 

\ 

200 

300 

j 

1 4 00 , 

490 

4 1 

200 

3 32 

4 00 ' 

1 

500 

6 1 

1S3 

300 

6 00 1 

650 

S 

2 23 

312 

4 20 

6 32 


Table HI 

Showing the effect of seiere liter damage {caused by the oral administration 
of 20 to 30 doses of carbon tetrachloride, each dose between 1 cc fkg 
and 2 cc fig ) on the blood concentration of free chloral 
following the oral administrations of chloral 
hydrate indifferent doses 


Dog number 


Maximum con centration of free chloral m blood (mg per cent) 
Do»e of chloral hydrate administered orallj 


70 mg /kg 

100 mg /kg 

1 

1 

150 mg /kg 

300 mg /kg 

1 

2 65 

3 50 ! 

t 500 

700 

4 

2 90 

3 65 I 

1 

1 a 50 I 

750 

6 

2 69 

403 

733 

900 

8 

1 

285 

400 

6 30 

8 50 


The effect of recot ery of the damaged hver on the blood concentration of 
free chloral is seen well from Graph 2 showmg the condition one and a half 
months after stoppage of chloral administration m dog 1 Carbon tetrachlonde 
administrations were completelt discontinued and observations on blood chloral 
levels were made from time to time In case of all the animals a significant 
diminution gradually tending towards the normal could be clearly seen There 
J, MS 
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OUoral Clearance m Blood 

was also a marked improvement m fliA i 

Z mcrease, imptovoment ‘'“o “““■“'s »» 

ondition due to diimmshed improvement m sk?n 



Dose of chloral hydrate administered (mg. per kg ) 


Discussion. 


f'TilnrAl pnnponf + S^mg data it IS evident that, m liver-damaged dogs, the free 
re , . m blood following the oral adnumstrations of chloral hydrate 

in different doses, is definitely greater than m apparently normal and healthy animals 
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This lacrease is demonstrable not onlv in the dogs which have been exposed to 
carbon tetrachlonde for a very long time and whose livers have been verv severely 
damaged, but also in those whose livers have undergone a comparatively mmor 
damage by the influence of the poison for a short period E\en after four or fi\e 
administrations of carbon tetrachlonde, a comparatively higher nse than the average 
normal blood chloral concentration becomes endent This leakage of free chloral 
appears with such regidanty under experimental conditions of liver injurj’^ that it 
seems logical to clami that this criterion can be used as a measure of the hepatic 
efficiency in chmcal practice The method of colonmetnc determmation of free 
chloral in blood is fairly simple and chloral hydrate, being a h}Tpnotie drug, can 
be easdy adnunistered to many patients m the usual course In new of the fact 
that free chloral leakage would measure the de-toxicating ability of the liver cells, 
this test deserves careful scrutiny and consideration in the hands of the chmcians 

Summary 

1 Chloral hydrate in doses of 70 mg /kg 100 mg /kg , 150 mg /kg and 200 
mg /kg , was administered to apparently normal healthy dogs and the concentra- 
tions of free chloral m the blood determined by a comparatively simple but 
sensitive colour test 

2 Hepatotosac doses of carbon tetrachlonde were then orally administered 
to these animals m order to bnng about varying degrees of liver damage, and 
the effects of identical doses of chloral hydrate on the blood chloral concentration 
were studied In both recent and long-standing li\ er injury a significant increase 
m the concentration of free chloral m the blood could be demonstrated 

3 It IS suggested that the difference in the level of free chloral concentration 
in blood, following the oral admimstration of a definite dose of the drug, may be 
used as a measure of the de-toxicating efficiency of hver 

Acknowledgmest 

The authors wish to express their grateful acknowledgment to Brevet-Colonel 
Sir Bam Nath Chopra, c i E , i m s (Reti ), Director of the Laboratory, for his 
guidance and encouragement throughout the course of this research 


REFERENCES 


Feiedujls and CAMuasoxB (1934) 
Moteeji and Chose (1939a) 

Idem (19396) 

Idtm (1940a) 

Idem (19406) 

Idem (1940(;) 


Jour Lab Clin JJeJ,19, p 1332 
Xature 144, p 112 
Ibid 144 D 636 
Ind Jour JleJ Rea 27, p 757 
Ibid 27, p 765 

Cal Jled Jour 37, p 73 




hid Joiit Afed Res, 29, 3, July, 1941 
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(From the Biochemical Standardization Laboratory, Government of India, 
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[Keceived for publication, 'March 31, 1941 ] 

Robison (1923) first demonstrated the presence of an enzyme, Mhich he 
termed ‘ phosphatase ’, m bone and ossifymg cartilage, and gave experimental 
evidence to show that this enzyme is intimately related to the process of bone forma- 
tion Smee then it has been studied m the blood and its quantitative estimation 
m blood serum and plasma has been of considerable diagnostic value m a himted 
group of pathologic conditions affecting bony tissues, such as local bony 
atrophy, generalized osteoporosis, osteomalacia, rickets, Paget’s disease, etc 
(Kay, 1930, 1932) Roberts (1930) undertook a systematic study of the blood 
phosphatase content m disease states and observed high values m the three cases of 
jaundice which he had mcluded in his senes He noted, moreover, a strikmg 
difference m the phosphatase content of the plasma of the two cases of obstructive 
and tbe one case of non-obstructive jaundice studied This observation led hmi, 
m a subsequent work (Roberts, 1933), to study the phosphatase values m a senes 
of 5*2 cases of jaundice, 21 of which were obstructive and 31 non-obstructive He 
concluded that by means of the phosphatase level of the blood, ‘ toxic, mfectious 
and catarrhal jaundice may be readily diatmguished from jaundice of the 
obstructive type ’ Subsequent workers, Bodansl^ and Jaffe (1934), Armstrong, 
King and Hams (1934) and Greene, Shattuck and Kaplowitz (1934), also observ^ 
a rise of phosphatase value m all cases of jaundice other than that of hEemolytic 
ongin Bodansky and Jaffe (loc mt ) ligated the common bile duct of a dog and 
noted the progressive elevation m the serum phosphatase parallehng the rise in 
the serum bihrubm They heheved, however, that the determination of plasma 
phosphatase was of no value m differentiating between obstructive and non- 
obstructive jaundice 
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Live) and Biliary Damage and Seium Plios'pliatase 

Freeman, Ping Chen and Ivy (1938), wlule studying in experimental animals 
the elevation of serum phosphatase in jaundice, found that practically in all types 
of aitificially induced livei injuries, eg by leptospiral infection, by carbon 
tetrachloride poisomng, by partial or complete obstruction of the common bile duct 
or by partial hepatectomy, there was increase m the values of serum phosphatase 
They were of the opimon therefoie that the rise in phosphatase values could be 
attributed more to after eftects of bver mjury than to any primary bony 
involvement Gutman et al (1940), on the other hand, after studymg about 300 
cases of different types of jaundice, maintained that liver injury might not be 
the more important factor in this process as (1) there is no rise in phosphatase in 
certain cases of jaundice (haemolytic type) and (2) there is definite rise of 
phosphatase value m cases of rickets, congemtal atresia of the common bile duct and 
in certam bone diseases which have no relationship whatsoever mth liver injury 

In vieiv of the interest attaching to the subject, not only with respect to the 
differential diagnosis of cbfterent types of jaundice, but also as regards the mechan- 
ism of production of a high serum phosphatase level and the role of the hver in 
this process, it was thought desirable to study the problem further 


ExPERIilENTAL METHODS 

The main series of experiments were earned out on dogs Young healthy 
pups were kept in metabolism cages under a more or less constant daily diet After 
the usual period was allowed for acchmatization to the conditions of the laboratory, 
blood samples were obtained from one of the leg veins for the determination of 
normal phosphatase values in dupheate The ammals were then divided into two 
groups, keeping two animals out of the group to serve as controls To the first 
group of dogs, carbon tetrachloride in doses of 0 6 c c per kg body-weight was 
admimstered to bring about a condition of hepatocellular damage of the type 
reported by Mukerji and Ghose (1940) In the second group, erperunental biliary 
obstruction was produced by tymg the bile duct through a laparotomy wound 
Under phenobaibital-ethei amesthesia, laparotomy was performed with all aseptic 
precautions and the common bile duct and cystic duct were tied by sterile silk 
hgatures in two or three places The abdommal wound was closed and the dogs 
allowed to recover The operation mvolved considerable techmeal difficulties and 
several ammals were lost due to sepsis ^nd other causes during the post-operative 
period In a few animals however satisfactory ‘ survival experiments ’ were 
possible 

Serum phosphatase determinations were carried out by the modified methotl 
of Bodangky (1937) 


Results 


The normal serum phosphatase values were determined in 13 dogs of the 
durme the first week before the starting of the experiments The figures ran„ 
between 2 1 and 5 4 Bodansky umts per 100 c c blood serum with an avera„ 

3 68 ± 1 45 umts 



Serum phosphatase values m Bodansky units 
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Phosphatase values foUowmg the administration of carbon tetrachloride were 
then determined in the first group of animals of the senes The typical results 
obtamed are shown in Graphs 1 and 2 Gardener ei al (1925) had shown that as 

Graph 1 


Hepatotoxic drug CCI4 (acute liver damage fay single administration) 
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Lwcy and Bilta) y Baituiye and SeTum Phosphatase 

early as 24 hours after the adnumstratiou of carbou tetrachloride in dogs there was 
demonstrable injury to the liver ceUs This is reflected in the phosphatase values 
wluch have, in general, shown an increase following even the first admimstration of 
carbon tetrachloride After two or three admimstrations of this hver poison, there 

Gbaph 2 


Hepatotoxic drug CCl^ (chronic liver damage by prolonged feeding) 



IS a defimte and consistent increase in the serum phosphatase in all dogs, though t e 
degree of response has varied in individual animals That serum phosphatase as 
a defimte relationship to liver damage is very well seen in the case of dog ho 
where an acute damage was purposely brought about by a heavy dose of car on 
tetrachloride The serum phosphatase level has gone up to a very high va ue i 
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this animal in marked contrast to the picture presented by other experimental 
ammals 

In Graph 2 are represented the phosphatase values of two dogs where chrome 
hver damage was brought about by repeated and prolonged admimstration of 
carbon tetrachloride m small doses extendmg over 2 to 3 weeks The phosphatase 
values m these dogs never showed a marked elevation to the same extent as seen 



Number of days after the operation 

in those ammals m which recent and acute poisoning was mduced The highest 
phosphatase figure recorded m this senes was 17 8 urats as against 65 nmts m cases 
of acute poisoning After an imtial sharp response to any hver mjury, the serum 
phosphatase tends to come to a more or less steady level 

The data m connection with the second senes of experiments by artificially 
obstructing the bibary passages are presented m Graph 3 It may be pomted out 
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here that the operative obstruction brought about in our series of dogs may be 
considered as only partial Unlihe many other similar experiments reported in the 
literature, we have not succeeded in producing complete bihary obstruction m these 
animals with demonstrable jaundice and cholemia Dogs apparently have a large 
number of small accessory bile channels and even when the common bile duct 
and the cystic duct are tied m more than two to three places with silJc ligatures, 
bile seems to escape into the intestines after 6 to 7 days, as evident from the 
colouring of the stools and urine Presumably some accessory bile duct remamed 
untied under the conditions of our operative experiments 

From a reference to Graph 3, it will be seen that the phosphatase response m 
bihary obstruction is most mtense and marked, a value of as much as 90 to 110 
Bodansky umts being recorded in dog Nos IS and 21 m which observations could 
be continued for a fairly long period As the obstruction to bihary flow tended 
to decrease due possibly to the dilatation of accessory channels, the phosphatase 
values tended to dinumsh In dog No 18 which was followed up for a prolonged 
period, the normal range was reached after the third week 


Discussion 

These data are essentially in agreement with those reported by Bodansky and 
JaSe {loc cit ), Herbert (1935) and Greene, Shattuck and Kaplowitz {loc cit ) As in 
the case of the data presented by Greene et al (loc cit ) and Cantarow and Nelson 
(1937), the phosphatase values obtained m our series exhibit a wide overlappmg m 
obstructive and hepatocellular jaundice, though m the former type there is generally 
a tendency to higher phosphatase values being reached This observation is contra- 
dictory to the findings of Roberts (1933) and Rothman, Meranze and Meranze 
(1936) who beheved that there is a rather sharp hne of demarcation m this regard 
between the two types of jaundice Rothman and his associates found values 
greater than 10 umts per 100 c c for obstructive jaundice and 10 umts or less with 
hepatocellular jaundice Although our data defimtely indicate that values above 
25 Bodansky umts can only be associated ivith some form of biliary obstruction, 
either partial or complete, it appears that values rangmg between 10 and 25 units 
can occur in difierent phases of both hepatocellular damage and obstruction in 
bihary flow Values below 10 umts are agam seldom met with in obstructive 
involvement of the bdiary tract A sharp delimitation between obstructive and 
non-obstructive jaundice on the basis of phosphatase deternunation therefore is 
not possible for at least a small group of cases m which the phosphatase values he 
between 10 and 25 units and as such, phosphatase deterimnations would have 
comparatively limited practical significance from the standpoint of differentia 
diagnosis There is no doubt however that it affords a very good indication of the 
state of the hvcr and the bihary system in general, and probably in a fairly large 
proportion of cases would serve as a reliable gmde in gaugmg the type and ex en 
of liver injury and bihary stasis 

It seems futile m the present state of knowledge to theorize regarding the 
possible mechamsm of production of the increase m serum phosphatase m v 
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imurv, m biliary obstruction and in bony involvements The subject has been 
recently reviewed by Herbert {loc cit ) and also by Cantarow (1936) It appears 
to be clear, however, that this increase cannot be explained on the basis of a simple 
obstruction to the flow of bile, either extrahepatic or intrahepatic and its reabsorp- 
tion This hypothesis is contradicted by observations of Greene and his colleagues 
(loc cit ) m portal cirrhosis and also by Cantarow and Nelson {loc cit ) who showed 
that marked eler ation of serum phosphatase level could be acconipamed with httle 
or no increase m serum bilirubin In congemtal obbteration of bile ducts, normal 
phosphatase activity has also been shown to exist which also goes against the 
viewpomt of the association of phosphatase mth bile We are therefore of opimon, 
m agreement with Gutman d al (loc cit ), that hver injury probably plays a \ery 
important role m this process 

This hypothesis is supported by our own observations, as well as the findmgs of a 
large number of workers in the field, that experimental hver damage brought about 
by any means is always associated with a high serum phosphatase level In vanous 
tj^pes of clmical conditions characterized by an acute or chrome inflammatory 
reaction in the hver, serum phosphatase has further been found to be constantly 
elevated, the degree depending on the intensity of the pathological lesion mduced 
This hypothesis can further explain the association of an elevated serum phosphatase 
level m certam types of bony diseases, e g nckets In this condition a certain 
amount of enlargement of the hver has almost always been chmcally observed and 
it 13 not improbable that hver is the organ pnnianly at fault m nckets It is con- 
ceivable that hver injury due to some unknown chemical or bactenological toxm 
in rickets u ould give nse to an mcrease in serum phosphatase, which in turn would 
raise the total morgamc phosphorus in the blood and lower the calcium balance 
of the system The bone, bemg the most important focus of absorption of Ca and 
P, IS thus aSected leadmg to varymg degrees of local de-calcificataon and skeletal 
troubles In order to support this view experiments in vitro were tned to see if a 
possible relation beta een phosphatase and vitarmn D could be established It was 
found that vitamin D (cod-lii er od) had an inactivatmg effect on the enzyme It 
u as further corroborated by Correi and Wise (1939), who have conclusively proved, 
bv their experiments on chicks, that the anti-rachitic vitamm had a marked inhibi- 
tory effect on the activity of phosphatase It was noticed that the fall m the acti- 
vity of phosphatase v as almost directly proportional to the healing of rickets in 
chicks, thus showmg that with the mactivation of phosphatase, the Ca-P balance m 
tbe blood returned to normal and heabng of ncketa siipervened 

The part played by hver in the Ca-P metabohsm does not appear to have attrac- 
ted sufficient attention The fact that high phosphatase values are attamed m all 
skeletal diseases and that a similar nse in phosphatase value is also observed m 
liver damage caused artificially or otherwise, leads us to speculate on tbe possibibty 
of the hver bemg the seat of primary disturbance, the manifestations of which are 
observed in the bones Work is m progress where an attempt is bemg made to 
^ow that h\ er damage can lead to the formation of nckets or skeletal disturbances 
Ibis 13 expected to throw more bght on the rather obscure relationship between 
bony involvement and hver disease 
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SuJiaiARY AND CONCLUSION 

1 The blood serum phosphatase values have been studied, by the modified 
Bodansky method, in a senes of dogs in which experimental hvef damage and bihary 
obstruction were induced, the former by adnumstration of hepatotoxic drugs such 
as CCI 4 and the latter by putting ligatures in the common bde duct 

2 The phosphatase values m cases of biliary obstruction were generally found 
to be greater than 25 Bodansky umts, while in primary hver mjury the values 
seldom exceeded 20 Bodansky umts Phosphatase values of 30 Bodansky umts 
or above may therefore be always considered as definitely diagnostic of bihary 
obstruction Values between 10 and 20 Bodansky umts may be obtained m both 
obstructive and non-obstructive (hepatocellular damage) types 

3 This test therefore, whde indicative of the general status of the hver and 
biliary system, cannot be considered as a sure test for the differential diagnosis of 
obstructive and non-obstructive types of jaundice 

4 The possible causes underlying the phenomenon of the elevation of serum 
phosphatase have been discussed The idea that high serum phosphatase level 
in biliary obstruction is probably due to re-absorption of bde itself is discounted 
and support has been given to the viewpomt that hver damage is probably the 
primary factor involved On the basis of this assumption, an explanation has 
been offered with regard to the association of hver injury, phosphatase rise and 
skeletal involvement 
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In connection mth the problem of the mecliamsm of destruction of insulin in 
blood, a detailed study of the proteolytic system m the vanous fractions of blood 
(red corpuscles, plasma, leucocytes and platelets) was undertaken by us (Iyengar 
and Scott, 1940) at the Connaught Laboratones, Toronto The platelets were 
found to possess the highest tryptic activity in companson with the other fractions 
of blood, calculated on the total sohds basis A suspension of platelets after 
separation of red blood cells, leucocytes and plasma was precipitated by four 
volumes of acetone and dned This preparation, when suspended in M/l 6 phosphate 
buffer of pH 8 4 and incubated at 37°C for 24 hours, showed considerable auto- 
digestion The presence of trypsm in the platelets was thus demonstrated. The 
enzyme preparation (1) obtained by acetone precipitation contained the platelet 
proteins, which acted as a substrate for the proteolysis by the trypsin present The 
trypsm from the platelets was also prepared by another method without acetone 
precipitation The sediment obtamed after the first centrifugation of plasma 
was suspended in citrated salme and kept in the refngerator for a few days, the 
supernatant siphoned off, and the sediment again 8ub]ected to the same process 
twice or thnee Einally, the sediment was frozen and dried m a sulphuric acid 
vacuum desiccator at room temperature The dried platelets were extracted with 
If 15 phosphate buffer of pH 8 4 and centrifuged The supernatant solution (2) 
served as the second enzyme preparation 

The action of the two enzyme preparations (1) and (2) from the platelets on 
pure insuhu n as studied pnmanly with a view to throw some light on the physio- 
logical destruction of insuhn in the body The results concerning this aspect of the 
problem has been commumcated to the Transactions of the Royal Society of Canada 
(to appear shortly) Dunng the course of this work, certain interesting observ ations 
throwing light on the question of the competition of the different protein substrates 

( 665 ) 
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when they are present in a mixtnie, to the same proteolytic enzyme, were made 
The proteolytic action of the platelets enzyme (1) on the following proteins was 
studied by estimating the increase in the non-protem mtrogen in each dmest The 
results are briefly tabulated below — 



Increase in 

N P N in the 

11 hole digest, 
nig 

Increase m diges 
tion due to the 
added protein, 
mg 

1 

(1) Platelet poatler 1 g suspended m 20 c o 
M/15 phosphate bufTer of pH 8 4 

(2) 1 g platelet pou der suspended in 20 o o 

1 9 43 

j- 18 88 


of 1 per cent casom solution m the aboio j 
buffer 

1 1 g platelet powder suspended m 20 c c 

940 

of 1 per cent jnsiihn solution in the abo\e 
buffer 

(4) 1 g platelet pon der suspended m 20 c o 

0 04 

' 

Nil 

of 1 per cent suspension of plasma proteins 
m the same buffer 

15 08 

6 GO 


In all the above experiments, with the exception of (1), the reaction mixture 
consisted of two substrates, the platelet protein being common in all of them The 
fact that the highest amount of digestion has taken place in (2) shows that casein 
IS most susceptible to the enzyme attack, in companson mth the other protein 
substrates, plasma proteins and insulin Next in ordei comes the plasma proteins 
Insuhn does not appear to have been attacked by the enzyme, as there was neither 
an increase in nitrogen, nor a decrease in physiological activity 

Insulin being a protem in nature is destroyed by aU proteolytic enzymes, 
trypsin-kinase, pepsin and papain (Freudenberg et al , 1930, 1932) The platelet 
enzyme has been shown by us to belong to the group of tryptases and hence should 
be naturally expected to destroy insuhn This apparently anomalous behaviour 
of the enzyme towards insuhn can be explained on the basis of varying suscepti- 
bihty to proteolysis of different proteins when present in mixtures The reaction 
mixture in this case contained two substrates, the platelet proteins and insuhn 
It 13 likely that the enzyme being precipitated along with the platelet proteins 
during the preparation, has a great preference to spht the associated proteins 
and in this competition of the two substrates, the insuhn protem does no 
offer itself for attack 

When a proteolytic enzyme is added to a mixture of proteins, it is not 
to decide which of the two proteins has been attacked, since the criteria for 
the digestion are similar m the case of both the proteins, whichever me o 
estimation of proteolysis is followed An approximate idea of the e e 
hydrolysis of the individual proteins in a mixture can however be obtainea i 
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cases by estimating the release of any one of the ammo acids present in one of the 
substrates and not present in the other Studies of this kind do not appear to 
have been made and therefore experimental evidence, for the competition of protein 
substrates when present m mixtures, to enzyme attacks, is lacking The present 
study of insuhn throws very interesting bght on this problem If the protein 
structure of msulm is not affected, the activity of insuhn remains unchanged 
(Jensen, 1938) Hence, if any proteolysis has taken place, it should be followed 
by a decrease m physiological activity This provides an alternative method of 
finding out whether proteolysis of insuhn has taken place when present in a mixture 
with another protein substrate If, m such a mixture of substrates, non-protem 
mtrogen is released as a result of enzyme action, while at the same time physio- 
logical activity remains mtact it can safely be inferred that the enzyme has 
attacked the other protein exclusively 

"Wlien the enzyme preparation (2) was incubated with insulin, a defimte 
proteolysis of the insuhn protein and also the destruction of physiological actmty, 
was observed Two explanations can be offered for this apparently anomalous 
behaviour of the different enzyme preparations from the same source In the 
acetone precipitated preparation, since the enzyme was simultaneonsly precipitated 
with the platelet proteins, it is likely that the tiypsm is adsorbed on the protem 
It is known that the adsorption of the enzyme on a substrate is the first stage of 
enzymic digestion Hence, to such a preparation when insuhn is added, the enzyme 
being already engaged by the other protem, is not in a position to digest the other 
added protem A more plausible reasomng would be the different degrees of 
susceptibUities of different protem substrates when present in a mixture The 
experiments with casern and plasma proteins lend experimental support to the 
latter hypothesis The enzyme preparation (2) being a buffer extract of the dried 
platelets, contamed httle platelet protem m the solution The reaction mixture 
being predominantly msulm and the trypsm from the platelets, a competition 
between the substrates did not exist and hence msulm protem lent itself to attack 
by the enzyme 

The possibihty that the S -S groupings m the msulm molecule might be actmo^ 
as an inhibitor to the enzymatic digestion of the other protem associated with 
insuhn m the mixture, has also to be considered An exammation of the table 
shows that the amounts of non-protem mtrogen released m 1 and 3 are the same 
indicating that the break-down of the platelet protem has not been in any way 
affected by the addition of msuhn The mcrease m non-protem mtrogen m 3 is 
essentially due to the break-down of the platelet protem since the physiolomcal 
actmtj of mixture 3 has not been altered at all after mcubation with platelet 
enzyme It is therefore concluded that the results obtained throw direct h»ht on 
the comparative susceptibilities of different proteins to enzymic break-down,°when 
the former are present m mixtures 

It appears from the abo\ e expenments that among the proteins tested, msulm 
13 the most resistant to tryptic attack when other proteins ate present m reaction 
mixture Proteins, which are easily digested by trypsin, appear to offer protection 
to insuhn from enzymic proteolysis A study of the digestion of msulm by pure 
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crystalline trypsin in the presence of high concentrations of other proteins easily 
susceptible to enzymic attack, mil throir direct light on the above hypothesis It 
IS proposed to extend this work on the lines indicated 
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Some controversy has taken place as to the changes brought about by digitabs 
on electrocardiographic features, especiahy with regard to the T wave According 
to Pardee (1933) digitahs causes a diminution of the height of the T wave and a 
depression of the S-T mterval In some cases, only the T wave may be affected 
without matenally altering the S-T interval The T wave may thus become 
inverted without any appreciable change in the level of the S-T interval The 
Q R S group is not matenally altered with digitalis A similar view with regard 
to the T wave was taken by Robinson and Wilson (1918) who regarded the inversion 
of the T wave as the first evidence of digitalis intoxication On the other hand, 
Yacoel and Papanayotou (1927) and others found that the T wave remamed upnght 
and became taller after digitahs According to Maher (1937), the effect of digitahs 
on electrocardiogram from moderate oral admimstration over a penod of tune is 
practically hmited to a change m S-T segment and a mild increase m P-R conduc- 
tion time The S-T segment is depressed and becomes concave The concavity 
gradually deepens uutd the T wave is obhterated Maher himself never obtamed 
a straight mversion of T wave by digitalis alone Korth and Spang (1937) gave 
intravenous mjections of toxic doses of digitoxin m dogs and studied the electro- 
cardiographic changes resulting for several days up to three weeks They observed 
two typical pathological changes m the electrocardiogram , depression of the S-T 
interval and the infarct type of S-T Subsequently, the animals were kiUed and 
histological sections of the heart were made and exarmned It was found that 
areas of necrosis were found m the heart muscle at vanous places It was also 
obsen ed that the extent of the necrosis was m proportion to the electrocardiographic 
variations in the S-T mterval The authors, however, concluded that th*e mere 
depression of the S-T mterval did not correlate with a discermble mjury m the 
•J. MR ( 669 ) 17 
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heart niuscle Brams (1929) did not obtain inversion of the T wave in a senes of 
experiments on dogs in which digitahs was adinimstered in ascending doses until 
the death of the animal occurred 

Brams and Gaberman (1931) experimented on mne adult volunteer patients 
who were convalescing from peptic ulcer, arthritis and the like conditions but who 
gave no history oi evidence of cardiac disease Digifohne was given mtravenously 
once a day in increasing doses until sjTuptoms hke nausea, vomiting and precordial 
distress were produced None of these subjects showed inversion of the T wave 
though other cardiac effects like slowing of the pulse rate, even partial heart block 
and transient auricular fibrillation, were produced 

In the present investigation the effect of digitalis on the electrocardiogram 
was studied on the hearts of vanous animals 


The effect on perfused frog heart 

The frog [Jtana lignna) was killed by pithing and the heart was perfused with 
Bayhss’ solution through the inferior vena cava After the heart continued to 
beat regularly for some time an electrocardiogram was taken with leads directly 
apphed to the left auricle and the apex of the heart Tincture digitahs diluted in 
Bayhss’ solution in proportion varying from 1 10,000 to 1 100 was then perfused 

There was no perceptible effect with a dilution of 1 10,000 But the dfiution of 

1 1,000 caused marked effect in the electrocardiogram, the effect mcreasmg with 

the mcrease of the strength Plate XII, fig 1, inchoates the action of digitahs on 
the perfused frog heart Pig la is the electrocardiogram taken while the heart 
was perfused with Bayhss’ solution before digitahs perfusion was started The 
subsequent records b, c and d were taken at 5-minute mtervals after starting the 
perfusion with 1 100 tmcture digitahs in Bayhss’ solution Certam features are 

to be noted The P wave which is not distmct even m the first record gradually 
disappears The P-J2 interval which is always prolonged m frog’s electrocardiogram 
has not materially mcreased withm the short period in which the P wave is discer- 
mble The R-iS waves have not altered with the exception of a little chmmution 
in the excursion in b Marked alterations are seen in the S-T interval and in the 
shape of the T wave The S-T interval has progressively become diminished m 
length and has become concave upwards, while the T wave has become markedly 
upright with a pointed apex m b and c It is seen that, as the perfusion wit i 
digitalis continues, the heart has gradually slowed Simdar features were obseri e 
in the electrocardiogram of seven other frogs experimented upon 


Digitalis and mammalian electrocardiogram 

The action of digitahs on mammahan electrocardiogram was investigated m 
acute experiments on rabbits, dogs and cats A 1 20 dilution of j 

in Kmger’s solution was slowly infused through the femoral vein of the ame 
animal Electrocardiograms were taken at short mtervals tdl the amma 
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-RaUtit —A typical result obtained m rabbits is indicated m the top records of 
Plate Xn, fig 2 Tlie record a was taken with the animal under urethane anses- 
thesia and before the digitahs infusion was started In this and m the subsequent 
records of the electrocardiogram of the rabbit lead 2 only was used An electro- 
cardiogram was taken before the administration of the anesthetic and diffeied m 
no way from that taken dunng the aniesthesia The next record, b, was taken 21 6 
mmutes after infusion with digitalis was started and 16 8 c c of the solution had 
entered the vem There is hardly any change m the electrocardiographic features 
mth the exception that the T wave appears more pointed As the infusion was 
continued, the depression of the S-T interval soon followed and was present m the 
record taken two and a half mmutes later when further 2 c c of digitahs solution 
had entered the vem This depression was progressive and resulted in a marked 
upward concavity of the S-T interval with a sharply-pomted T wave As the 
infusion proceeded, the P wave disappeared and the electrocardiogram assumed an 
infarct type m which the S wave did not return to the base bne These features 
are brought out m the records e and d which were taken 39 and 42 mmutes 
respechvely after infusion with digitalis solution was started The P wave is not 
visible m these records and the heart action is irregular, the auricles evidently 
fibnllatmg In all these records, the rate of the heart is m the neighbourhood of 
300 per mmute As further infusion proceeded, the ventncular action soon became 
more irregular and less frequeut, the heart stoppmg about 8 minutes after the 
record d was taken 

Dog — Altogether four dogs were used and m these all the three standard leads 
were studied The results obtained lu one of the dogs is shown m Plate XII, fig 2 
The dog, weighing 11 kilos, was ansesthetized by giving 20 c c of paraldehyde 
through the stomach tube. For the sake of convemence, only the results obtained 
in lead 2 are illustrated In lead 1 tbe excursions were comparatively small and 
the alterations of the features with digitalis infusion were not so marked as m the 
other two leads Lead 3 gave results almost identical with those of lead 2 

Plate XII, fig 2e, is the record taken while the animal was under the anaesthetic 
and before the digitahs infusion was started It shows a prominent P wave, well- 
marked P and S waves and a sbghtly inverted T wave The S-T interval has a 
com exity upwards In the next record, f, which was taken 16 minutes afterwards 
when 40 c c to 45 c c of digitalis solution had entered the vem, a marked change 
has occurred The T wave has become upnght and pointed, and the S-T interval 
Ins no longer the upward com eaty , it has become depressed These features are 
e^en more marked m the next record, g which was obtained 17 minutes after / 
alien 80 c c of digitabs solution had entered the vein At this stage the ammal’a 
respirations had become rapid with jerky inspiration and expiration The heart 
sounds had become very feeble The last record m this animal is h which was 
taken 34 minutes after the previous one when 160 c c to 165 c c of digitalis 
solution had been introduced The P wave has disappeared and the record has 
the appearance found m paroxysmal tachycardia of ventricular ongm, though 
there is a possibility of auncular fibrillation with bundle-branch block 
aminal died 6 mmutes later 
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Cat — Electrocardiograms were taken in cats in only two cases Eecords 
obtained in one of them are shown m Plate XII, fig 2 The ammal was a male cat 
weighing 4 2 kilos It was anesthetized with intraperitoneal injection of 4 2 g of 
urethane and later was given 3 c c of paraldehyde per stomach Electrocardiograms 
with all the three standard leads Avere taken of which only lead 2 is shmvu The 
record i was taken Avhile the ammal was under the anesthetic before starting the 
digitahs infusion The T ivave is inverted It ivas inverted m leads 1 and 3 
also It 13 not snie ivhether this be considered a normal feature m this animal or 
be due to a pathological condition of the heart oi to the action of the anesthetic 
The next records I and I were taken when 23 c c , 43 c c and 54 c c respectively 
of digitabs solution was introduced The rate of infusion was appioxunately 
1 c c per minute A marked depression of S-T interval is noticeable and the 
T wave appears pointed upwards 


Discussion 

In the mammaban experiments the most constant feature of the action of 
digitabs IS the depression of the S-T mterval This is most marked m the case of the 
rabbit but is also quite defimte in the dog and the cat In the rabbit an infarct 
type of electrocardiogram has developed In no case however a T wave which was 
upright in the begmmng has become mverted as the result of the action of digitabs 
On the contrary, in certain cases, the T wave, which was mverted at the start, has 
become markedly upright after infusion Avith the digitalis solution This feature 
IS also seen in the case of the perfused frog heart, which is aU the more remarkable 
as the mode of propagation of the impulse in the frog heart must evidently be 
different from that in the mammaban heart 

It seems, therefore, that the depression of the S-T interval is the imtial and the 
most constant feature of the effect of digitalis on the electrocardiogram Digitahs 
does not seem to cause inversion of the T wave It has not done so m many acute 
experiments on animals On the other hand, a reverse effect is sometimes seen , 
a T wave may become markedly upnght as a result of the action of digitabs In 
this connection the experiments of Brams and Gaberman {loc Git ) are interestmg as 
they show that on the healthy human heart also, as far as the T wave is concerned, 
the results are similar to those seen in acute expenments on ammals 


Summary 

Electrocardiographic changes were studied on isolated frog’s heart perfused 
with digitabs solution and also on the hearts of anesthetized rabbits, cats and 
dogs, by intravenous mfusion, m acute expenments of 1 20 tincture digitalis 

The mitial and the most constant change in the electrocaidiographio 
feature was found to be a depression m the S-T interval, foUoived later by an 
infarct tvpe oi Q R S complex The T wave did not become inverted un 
the contrary there was a tendency for the T wave to become more erect ana 

pomted 
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iRTRODUCnOir. 

In India, till not very long ago peptic nicer was neither lecognized nor looked 
for amongst Indiana Gastric and duodenal ulcers were considered rare The 
pioneer work of Somervell, Bradfield and Pandalai, m South India, however, has 
made the surgeons in India ‘ ulcer conscious ’ More cases are therefore bemg 
dealt with surgically throughout India and, consequently, the disease is now recog- 
nized as of qmte frequent occurrence No attempt at estimating the mcidence of 
the disease had been made m the past In the present commnmcation extensive 
data, made available by this mquiry, are presented with a view to indicate the 
incidence and distribution of the disease m various provinces m British India This 
IS considered to be of special importance m luew of the most serious infirmities 
caused by this disease, the great cnppling effects on the mdividuai and the 
prolonged convalescence and consequent loss of man-power to the state 

In the absence of a village-to-village survey, m a vast country such as India 
with lack of easy and cheap means of transport between widely scattered viUaves 
and its Ignorant and povertv-stncken population, even if all sources of medical 
rehef are mcluded, a correct estimation of the mcidence of this disease is not 
possible The medical rehef centres where adequate facdities for diagnosis and 
treatment of this disease are available are very few and far between and it is not 
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a matter of mere conjecture that a large number of cases of this disease is 
missed It is thus evident that, whatever the estmiates, the actual incidence of 
the disease is likely to be much higher 


Mateeial and jiethods 


Througli the courtesy of the Director-General, Indian M-edical Service, a pro- 
forma was circulated to all the provinces of British India and statistics were thus 
cbllected Through the admimstrative heads of the medical departments in each 
province, original leturus fiom hospitals and dispensaries were obtamed Ail 
Government, Goi ermnent-aided. Local Fund and other charitable hospitals and 
dispensaries were included By so including all possible sources it was hoped that 
a fairly accurate estimation of the incidence of the disease might be obtamed 
particularly when total provincial figures are considered m each province, because, 
as a rule, patients do not travel from one province to another for leasons of 
health 


It was recognized that such returns, particularly from out-patient dispensaries 
and small hospitals m outlancbsh places with their poor ecpiipment and excessive 
attendance, could not be absolutely relied upon as far as the diagnosis of peptic 
ulcer was concerned Agaui, owing to the lack of scientific accmacy on the part of 
the majority of the medical profession, and the absence of any uniformity m 
nomenclature, a duodenal ulcer may be classifi,ed as such or as peptic ulcer, pyloric 
obstruction or even gastric ulcer Further, although the disease was well lecognized 
in the South it was not so in the North — as will be shown subsequently — a large 
majority of the so-called ‘ dyspepsias ’ may be duodeual ulcers It was, therefore, 
deemed necessary to ask for returns of the total numbei of cases of the ‘ disease 
of the stomach ’ treated at vanous institutions sub-classified under the headmg 
mdigestion, dyspepsia, gastritis, peptic ulcei, gastric idcer, duodenal ulcer, pyloric 
obstmction and jejunal ulcer Figures for the calendar yeai 1939 were thus 
collected In addition, annual reports of the woikmg of the hospitals and dis- 
pensaries m various provinces and Indian States have been studied to determme 
the variations in the incidence of gastric disorders, number of operations on the 
stomach and vanous other pertment data 

It must also be pomted out that the figures do not represent the number of 
patients A patient on his first apphcation for treatment is entered as a new case 
till he stops coming to the hospital At all subsequent apphcations by the same 
patient for the same complaint he is agam shown as a new case Thus, as often 
happens in the case of ‘ stomach cases ’, one patient may be shown on two or three 
occasions m the returns This error, of course, is common to other diseases as weU, 
and takes place in all the provinces svuveyed and, as such, is disregarded for the 
purposes of this commumcation 


Diseases op the stomach 

Subject to the lumtations enumerated above, the data of the diseases of the 
stomach are of consideiable mterest Surprisingly enough, although peptic ulcer 
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reported to be rare in the North of India, gastnc disorders occur throughout India 
aiKl show veiy httle % ariation from year to year as is shoira m Table I compiled for 
the five-year period (1933-1937) Only the major provmces m British India 
are mcluded 

Table I 

Diseases of the sloiuach for the fiie-year period (1933-1937) 


Pro\ mce 

1 

Maximum 

Minimum 

i 

Average 

Madras 

404,437 

1 

1 

338,078 ! 

1 

388,260 

Bihar and Oriasa 

20’ 123 

1 

163,922 ‘ 

176,710 

^ tv F P 

05 850 

88,816 j 

84,806 

Aaitam 

j 74 654 

1 

} 

54,768 1 

1 

60,660 

C P and Berar 

1 

I 03 468 

85,281 

91,140 

Bombay 

' 127 457 

1 

46,033 

93,700 

BensaJ 

1 260 414 

! 

24->,4>7 

1 26M19 

Punjab 

1 

j 645,270 

1 

563,518 

1 

' 607,508 

United Provinces 

1 

1 

1 

1 

1 

1 

1 

264,659* 


* Only lOa? fipures avnibble 


The figures for the province of Bombay are exceptional It is worth notmg 
howe\er that whereas figures for 1933, 1934 and 1935 showed no variation the 
number suddenly dropped from 127,457 to 46.933 in 1936 and to 54,811 in 1937 
respectuelj This y\ as due presumably to the separation of Smd from Bombay 
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Uvo years i^owCeTmcreS the stomach during these 

=r!Ser 

of British India are shown in Table II stomach m various 


various provmces 


Name of the 
province 


Bengal 

United Provinces 

Madras 

Bihar and Orissa 
Bombay 

Punjab 

Central Provinces 

Assam 


N W P P 


Table II 

(mi c.»„, , , ‘riL £-.01 

and outdoor of stomach 


17 , 290,937 


4 , 084,304 


51 , 087,070 1 , 040,712 


49 , 014,833 8 , 407,638 


46 , 740,107 16 , 601), 885 


42 , 329,683 5 , 671,978 


20 , 398,997 3 , 154,061 


23 , 680,852 1 14 , 250,757 


3 , 154,601 


9 , 247,867 2 , 108,618 


2 , 002,124 


261,319 


264,659 


388,266 


178,710 


03,709 


607,608 


93,709 


69,669 


84,374 


311 


314 


2 31 


316 


204 


4 26 


2 94 


3 19 


410 


-Diseases 
of the 
stomach 
per 10,000 


49 


53 


83 


42 


60 


268 


36 


76 


180 


r . 1 .? appear that of the total attendance at hospitals and dispensaries 

from 2 31 to i 25 per cent, and incidence 
of 35 to -.58 per 10,000 of population Whereas the Punjab and the North-West 
Frontier Provmce showed the highest mcidence and Madras a httle more than 
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the Central and the United Provinces, the province of Bihar andOnssa was the 
lowest 

The 1939 fi^nires, obtained especiaUy for the purpose of the present investiga- 
tion, shon the distribution of the diseases of the stomach in the 11 
Lkding the two new ones, namely, the provinces of Smd and Bihar These 

are shown m Table III — 


Table HI 


! 

Z^ame of the 
province 

1 

Populahoa 
(19dl Censna) 

( 

Diseases of 
the stomaoh 

1- 

Ineidenoe 
per 10000 
popnlation 

_______ —j- 

Bengal ^ 

1 

1 

1 

51.087.338 { 

363,349 1 

71 

1 

United Provmcca j 

49 614 833 i 

494,785 j 

100 

i 

■Madras 

46,740 107 

863,633 

185 

1 

Bombav 

30.398,997 

196,744 

75 

Bihar 

23 676 038 

380,731 

165 

Punjab j 

23,580,852 

783,471 

332 

Ons«a 

j 18 653 565 

128,141 

69 

Central Provinces 

' 17 990 037 

234,313 

130 

Assam 

j 9,247,857 

1 

103,037 

111 

X IV F P 

4 684 364 

j 146,466 

290 

bmd 

3,887,070 

1 86,337 

1 

\ 

222 


It must be noted that m each province these figures are considerably higher as 
compared iwtb those in Table II, wbich are average figures, presumably due to 
(tf) greater care with which the statistics have been coSected by mcludmg all sources, 
(6) increase m the population m recent years and (c) mcrease m the number of 
hospitals and dispensanes throughout the country where more people are now bemg 
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attended to It should be observed that the incidence of the diseases of the 
stomach during 1939 was 69 to 332 per 10,000 population 

The conditions pievailmg in South India, described elsewhere (Dogra, 1940a), 
are notable in each provmce, namely (i) The largest number of cases is reported 
from capital city hospitals due to facihties available for adequate treatment and 
diagnosis and consequent reputations of such hospitals {^^) At these centres the 
number of operations for gastro-duodenal ulcer is high and the cases treated for 
dyspepsia low (^^^) In out-stations the cases returned as indigestion, dyspepsia 
and gastritis are considerably higher It is suggested that a large number of ulcer 
cases IS missed due to lack of facilities for diagnosis in these out-statiou hospitals 
and dispensaries, as they are labelled as dyspepsias and treated as out-patients 

It is interesting to record here that wherever the number of gastro-duodenal 
ulcers diagnosed and surgically treated is low the nmnber of dyspepsia cases is high 
This IS particularly striking in the two Indian States in South India where this 
question was studied 

In Tiavancore, with a total population of just over five miUious, an average of 
300 cases of gastro-duodenal ulcer are operated upon every year and about 
15,000 cases treated for dyspepsia at the various hospitals and dispensaries 
throughout the state In Mysore, on the other hand, ivith a total population of 
just over six millions, about 50 cases of gastro-duodenal ulcer are operated upon 
and 160,000 treated for dyspepsia Various environinental conditions, economic 
state, etc of gastro-duodenal ulcei cases prevailmg m these two states are smular 
as already described (Dogra, 1940a) It is inferred, therefore, that the number of 
dyspepsia cases is inversely proportional to the number of gastric cases treated 
surgically m any given area 


Peptic ulcer cases 

(a) All cubes — The teim diseases of the stomach mcludes a multitude of 
conditions varying from gastritis to an ulcer Obviously the number of actual 
cases of peptic ulcer would be much less 

Experience in South India showed that gastric ulcer was a rare disease and 
although gastric carcinoma was occasionally met with, the vast majority of ‘ gastric 
cases ’ were those of duodenal ulcer occurring alone or associated with an ulcer in 
the pyloric antrum Chmcal diagnosis, where not confirmed at operation, uas 
often difficult and it was quite a common thing to see a duodenal ulcei labelled as a 
‘ gastric ulcer ’ The relative proportion of duodenal and gastric ulcer was 30 to 
amongst cases operated on All the cases of pyloric obstruction, except when due 
to carcinoma of the stomach, were cases of duodenal ulcer leading to stenosis o e 
duodenal and pyloric regions (Dogra, 19406) It may, therefore, be consi er 
that figures returned under peptic ulcer, gastric ulcer, duodenal ulcer and py 
obstruction represent primardy figures for peptic ulcer Table IV shows e me 
ence of peptic ulcer, so considered, in the vanous provinces in British n 
must, however, be borne in mind that these figures do not represent the to a 
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of peptic ulcer cases because a fair proportion of such cases are missed and labelled 
as dyspepsia, gastritis and indigestion, as pointed out above 


T-vble IV 


(1939 figures ) 


Name of the 
province 

Population 
(1931 Census) 

1 

Cases of 
peptic ulcer 

Incidence 
per 100 000 
population 

Bengal 

51 087 338 

10 976 

33 

United Provinces 

49 614 833 

4 460 

11 

Aladma 

46 740 107 

57 397 

143 

Bombay 

26 398 997 

2 099 

7 

Bihar 

23 076 028 

8 851 

37 

Punjab 

23 680,852 

2 131 

9 

Onssa 

18 653 555 

4 132 

29 

Central Provinces 

17 990 937 

2 327 

12 

Vssani 

9,247 857 

926 

10 

N W P P 

4 6^4 304 

421 

1 

Smd 

3,887 070 

315 

8 


These figures are mterestmg in that Madras shows the highest incidence with 
143 Bihar 37, Bengal 33, Orissa 22 Central Provinces 12 per 100,000 population 
the Punjab and the hforth-Mest Frontier Province being the lowest, namely 9 
and 1 respectively The difference m the North and the South thus appears to 
0rr*\93G) ^ ^ (McCamson, 1921) or 1 600 (Some^ell and 

(6) Cases operated on —The number of operations on the stomach earned out 
in the whole of India during the year 1933-1937 is shown in Table V The fi<nires 
include gastroenterostomy, partial gastrectomy and other operations carried out 
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for gastro-duodenal ulcer and pyloric obstruction, except secondary operations 
on the stomach and lavage Lavage is returned as an operation on the stomach 
in the statement E of the annual leports from the hospitals and dispensaries in 
the vjuioiis provinces in Incliii unci is e\cliKlecl liere for obvious reasons 


Table V 


Operations on the stomach fo> the ycais 1933-1937 


Pro\ ince 

193J 

1014 

1936 

1930 

1937 

JIadms 

1,007 

1,031 

1,080 

900 

1,020 

United Provinces 

I 




48 

N-W F P 

' 2 

5 


7 

6 

Aesam 

1 

1 




C P and Bemr 

' 4 

11 1 

10 

0 

30 

Bombay 

1 -18 

32 j 

05 

115 

111 

Bengal 

169 

HO 1 

1 

100 

130 

84 

Sind 


1 



10 

Bilinr 1 





18 

Orissa ^ 


1 

1 


17 

13 

Punjab j 

1 

1 

c 

8 

4 

26 

Totals 

1,282 

1,106 

1,203 

1,261 

1,364 


It IS apparent that whereas the relative incidence of peptic ulcer in the North 
(Punjab) and South (Madras) of India is roiighlj'^ 1 15, the number of cases in which 

operative treatment is given shows a marked difference This difference has been 
misleading to previous workers who estimated incidence of peptic ulcer from figures 
of surgical operations in different provinces 

Surgical treatment is not applied for or even agreed to by the majority of 
Indian villagers Except for a few centres adequate facilities for such surgical 
operations as gastroenterostomy and gastrectomy are not available Again, only 
recently, the medical profession has recognized the frequency with which peptic 
ulcer occurs m this country and the efficacy of surgical treatment in this disease 
In certain parts the medical profession is stdl not ‘ ulcer conscious ’ The sta e 
of affairs is comparable to what pertained in South India m 1922 when Brae lec 
(1927) started his work m Madras 

Study of hospital statistics at Madras Government General Hospital, an 
London Mission Hospital, Neyyoor, for several years past showed that the num ) 
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of operations on the stomach suddenly increased several hundred per cent, 
subsequent to the amial and pioneer work of the two great surgeons m South 
India, namely Bradfield m Sladras, and Somervell in Neyyoor Table VI sub- 
stantiates this statement Although the figures for 33 years were studied, only 
a few are mentioned in this table — 

Table VI 


Operations on the stomach 


1 

1913 

1 

1 

1919 

1 

1922 j 

1 

1927 

1 

1933 

1937 

1 

Madras (G G H ) 

13 j 

6 

1 

129 ^ 

i 

1 

302 

507 

1 

' 348 

Xeyyoor (L. M. H ) 

C 

37 

1 1 

107 

) 

333 

1 

1 263 

) 


Considering the 20-year penod (1913-33) it would appear that the number 
of cases operated upon for peptic ulcer at the two centres in Soutli India increased 
39 and 56 tunes respectively This obviously is not the result of mcrease m the 
incidence of the disease m South India during this penod, but durectlv to the fact 
that these surgeons on amving in 1922 at them respective hospitals recognized the 
disease and successfully earned out surgical treatment of a large number of cases 
ishich previously would have been labelled as ‘ dyspepsia ‘ Malabar dyspepsia 
‘ coco-nut dyspepsia etc , etc 

This mcrease m the surgical treatment of peptic ulcer as indicated by the 
number of operations on the stomach has also been evident in other provinces 
in recent years, e g (i) Bombay, where the number has mcreased from 45 m 1933 
to 111 in 1937, 1 e nearly 150 per cent increase , (ii) Punjab, where the number 
has increased from 1 m 1933 to 25 in 1937 The same is tnie of other provinces 
as shown m Table V above 

It must also be borne m mind that the cases operated upon at any one hospital 
are nob necessarily those from the areas in which the hospital is situated Por 
example, at Neyyoor during 1938, of the 227 cases operated upon, there was only 
one case from Neyyoor itself At the Government General Hospital, Madras, of 
the 258 cases investigated, only 54 were cases from Madras itself and the 
rest came from out-stations 

Prom what has been said above, it is clear that the number of operations per- 
formed at a particular centre m any particular part of the country does not indicate 
the incidence of the disease in that particular locality Consequently, increase in 
the number of operations cannot be considered indicative of the mcrease m the 
prevalence of the disease in the area under consideration 
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Distribution op the cases op peptio ulcer 

It IS apparent that peptic nicer occurs throughout India It is more prevalent 
in the South The exact extent is not possible to determine, but, subject to the 
limitations enumerated above, the relative incidence in drffeient parts of the 
country is of considerable interest The Map of India shows the incidence of 
peptic ulcer in different provinces 

The greatei incidence of peptic ulcer in i\radras, Bihar, Bengal and Orissa is 
noteworthy m contrast with tlie rest of India The sigmficance of this chfierence 
13 not apparent It may, however, be stated that in all these provinces nee is 
the staple diet and the common people consume a diet which is high in carbohydrate 
and low in protein content, whereas the conditions in the rest of the country are 
different Again, comparatively the ryot is very much poorer in these provinces 
The letiological bearing of these facts will be discussed in another communication 
on the pathology and aetiology of peptic ulcer in India 


SUMJtARY AND CONCLUSIONS 

Statistics from different parts of India regardmg diseases of the stomach are 
presented and incidence of peptic ulcer m India estimated From all over British 
India 5,674 hospitals and dispensaries responded to the lequest for data Lmu- 
tations of these statistics aie noted A study of the tnenmal reports on the 
working of the hospitals and dispensaries in vaiious provinces was made An 
analysis of data for a five-year period (1933-37) is recorded 

The data regardmg the number of surgical operations on the stomach from 
various provinces during several years past are reported The umehabdity of the 
number of operations on the stomach as an indication of the incidence of peptic 
ulcer in any particulai locality is emphasized It is suggested that, although true 
estimation of the extent of this disease is not possible, a rough estimate may be 
obtamed by including cases under the categories of peptic ulcer, gastric ulcer, 
duodenal ulcer and pyloric obstruction From our experience of cases operated 
on in South India where the vast majority (about 97 pei cent) of ‘ gastric cases’ 
are duodenal ulcers, it is suggested that such combined figures would be the nearest 
to the actual number of cases of this disease in India 

The number of operations on the stomach varies considerably in each province 
and whereas in the province of Madras there seems no marked vanation in recent 
years, there is consideiable increase in other provinces This is ascribed to tlic 
medical profession beconung ‘ ulcer conscious a state of affairs that occurred very 
dramatically m South India in 1922 when Bradfield and Someivell arrived and 
began their pioneer work on gastric surgery m this country 

The distribution of the cases of peptic ulcer is shown The greater inci- 
dence of ulcer in piovinces where a high carbohydrate and low protein diet is 
prevalent is considered of importance with regard to ostiology of tins cliseas 

m India 



MAP OF INDIA 


SHOWING DISTRIBUTION OF PEPTIC ULCER 
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Tlie following conclusions are drawn — 

(i) Diseases of tlie sfcomacli are common throughout India constitutmg 2 to 4 
per cent of the total attendance at the hospitals and dispensaries The 1939 figures 
in which were mcluded aU sources and which, possibly, were collected more 
carefully show an mcidence of 690 to 3,320 per 100,000 population 

(^^) Peptic ulcer occurs all over India 

{ill) Incidence of peptic ulcer varies from 9 to 143 per 100,000 population 
The highest being 143 m the province of Madras The provinces of Bihar, Bengal 
and Orissa show an mcidence of 37, 33 and 22 per 100,000 population The 
rest of the country shows a uniform distribution with an incidence about 10 per 
100,000 population Subject to the limitations already recorded, it would appear 
that peptic ulcer is 15 tunes more common in Madras (South) than in the Punjab 
(North) 
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Is a previous communication (lycng&T, 1939a) it was mentioned that the 
distnbution of TFueZiererm bancrofti mfection m India was characteristically mban 
The urban distribution of this infection and its comparative absence m rural areas 
vere attributed to the fact that Culexfatigans, the chief transmitter of the infection, 
occurred mainly in urban areas 

It was also remarked that malaria and TT bancrofti mfection did not ordinarily 
occur together, not because of any antagonism between the two infections, but 
owim^ to the fact that thev had ‘ different spatial distributions, masmuch as the 
epidemological factors favourmg the prevalence of the one are adverse to the 
prevalence of the other ’ (Iyengar, 1938) The occurrence of endemic IF bancrofti 
infection was associated with a hi^ mcidence of stagnant waters heavdy con- 
taminated with deca 3 rmg orgamc matter of the kmd favourable for the breeding 
of Culex fatigans Such extensive orgamc pollution of the water coHec- 
tions vvas inimical to the development of vectors of malarial infection and 
consequently malaria rarely occurred in an area where IF bancrofti infection 
vas endemic 

Eeceutly, endemic W bancrofti infection was observed to occur m a typically 
rural area m Bengal During a malaria mvestigation in Illambazar (Birbhum 
. district), cases of endemic filanasis were obsera ed in several villages m the area ♦ 
In tno of these viUages namely Bharatpux and Nabagram, an mvestigation was 
made to determine the incidence and type of filarial infection The findings of 


* Cases of filanasis weto observed m six villages in this thana namely ^iilagarh, Narayanpnr 
Gangapnr, Bamipnr, Bharatpur and Mabagram. 

( 677 ) 
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an examination of samples of the populations of the two viUaces are given 
below — D & 


Village 

1 

Number of 
persons 
ovammed 

Number wjth 
luicrofilarioj 
in pcnphcnl 
blood at niglit 

idanal 

mfection 

rate 

Ehnratpur 

51 

9 

17 0 

Nnbagmm 

00 

10 

1 

10 7 


Out of III persona examined m the two villages 19 showed microfilanie m 
peripheral blood at night, an infection rate of 17 1 per cent The microfilariffi 
were determmed as TF hancrojLi (Cobbold) Slx persons out of 111 exainined 
showed external mamfestationa of filariasis, i e five showed elephantiasis of the 
leg and one showed elephantiasis of the leg and scrotum , these cases were 
negative for microfilanse in peripheral blood 

Incidence of malaeia 

In all the villages with cases of filariasis, a high mcideuce of malaria was 
noticed, the spleen rates among children varymg between 42 and 84 In Bharatpur 
and Nabagram the spleen rates were 56 0 and 84 2 per cent respectn ely The 
transmitter of malarial infection in Illambazar (i^ana was Anoylieles 'phthpfinenhs 
which showed natural infection with malaiia parasites to the extent of 7 2 per cent 
(Iyengar, 19396) The fact that endemic malaria occurred concoimtantly with 
filarial infection would lend support to the view previously expressed that there 
could be no antagomsra between the occurrence of filarial infection and of malarial 
infection in a commumty 

Transmitters op filarial infection 

Mosquitoes caught from these villages were examined for filaiial infection 
Tlie following gives the species and number of specimens examined Culex 
mshnm 18, Ficalha Jiybnda 7, Anopheles annulans 7, A hjrcanus var mgernms 
9, A palhdus 5, A vamna 2 and A plnhppimnsis 13 The results were negative 
except in regard to Anopheles phihppi'nmsis m which two out of 13 specimens 
exammed showed fully-developed filaria larvm The measm ements and morphology 
of these larvm corresponded to those of full-grown larvoe of TF hancrofti m experi- 
mentally mfected Gnlex fatigans In the neighbouring village of Baruipur which 
also had endemic cases of filariasis, sue out of 104 specimens of A plnhppi^^ff^ 
exammed showed well-developed filaria larvm These observations indicated taat 
W 6onnro/t^ infection m this area was transnutted by a 1 yaZzppznciisis which wa 

also the vector of malarial infection 
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A unique specimen of A plnhppinensis sliowecl both, filarial and malarial 
infections This specimen i\ Inch m as collected from the village of Nabagram showed 
the sahvaiy glands packed with innumerable sporozoites and at the same time 
the labium and thorax contained several well-de\ eloped filana larvie This would 
mdicate that the same mosqmto could transmit both malarial and filarial infections 
at the same time 

Contrary to what obtains m other parts of India with eiidenuc IF bancrofli 
infection, where the rector is the urban mosqmto Culex fatvjans, m the 
■villages of lUambazar (ham the infection is transmitted by the rural mosqmto 
A pkihppinensis Similar conditions are reported to occur m the Dutch East- 
Inches and New Gumea where IF bancrofti infection is essentially rural in distnbu- 
tion and the mfection is transmitted by rural species of mosquitoes 

SraitAKV 

Wiicherena bancrofti mfection which was kno'wn to bar e an urban distnbution 
m India was recently foimd to occur m a rural area in Birbhum cbstrict (Bengal) 
The filarial infection rate m two ruUages examined was 17 per cent Cases of 
elephantiasis of the leg and scrotum were also observed to occui These villages 
showed a high mcidence of malaria mdicatmg that the presence of malarial infection 
m the population was not antagonistic to the occurrence of filanal infection 

The transmitter of malarial mfection as irell as of filanal infection m 
these villages was found to be Anopheles phxhppmensis In one specimen of 
A philippinensis, both malanal and filanal infections ivere observed , the sahvary 
glands show'ed a heavy infection with sporozoites, while within the lahmm and 
thorax were nmny Ml-grown larv-re of IF bancrofti 
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A PEESEEVING MEDIUM FOE THE TEAHSMISSIOH 
OF SPECniENS FOE THE ISOLATION 
OF VIBRIO CEOLERM 


BY 

K V ^^^^KATRAMAN, 
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CORRIGENDUM 

In paper entitled ‘The Helminth Parasites of Dogs m Calcutta and 
their Bearing on Human Parasitology by P A Alaplestone and N V 
Bhadim. Ind Jour Med Res , Volume 28, No 2 (October 1940), page 695. 
a trematode is listed as • ProyWrematido! (new genus T)' It should 
be named ‘ Prosthodendrium onmagnosum (Bhalcrao, 1926) DoUfus family 
LECITHODERDRIW^ ’ 

The authors are mdebted to G D Bhalerao d sc , ph d , for drawmg their 
attention to this error — P A M and X V B 

its isolation difficult or impossible Greig (1913) found the average Me of the 
vibno in nce-water stools stored m a dark cupboard at room temperature was 7 to 
& days m cool weather and 2 days m hot weather Soda (1936), mvestigatmg the 
question of the delay withm which stools should be examined in the search for 
F cholera, found that the vibnos die withm 3 hours at body temperature, though 
they may remam viable for a longer time at room temperature and could be' isolated 
m 2 to 8 days when stored m the ice-box He amved at the conclusion that the 
material for examination should be collected withm less than 24 hours previously 
and stored at a low temperature 

Under the conditions of pubhc health laboratory practice obtaimng m this 
provmce, it is often necessary to examme specimens which take a considerable time 
in transit, and it is not always possible to hold them at a low temperature during 
the period There is need, therefore, for a preservative m which the cholera vibno 
if present m the stool at the time of collection, will remam viable till the specimens 
can convemently be taken up for exammation m the laboratory It is also essential 
J, iiE ( 681 ) I 
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tbat the preserving fluid should inhibit the growth of other intestma] bacteria 
normally present in stools, including the so-caUed ‘ non-agglutmable ’ vibnos, if 
the recovery of true V cliolercs is to be facihtated The preserving solutions that 
are in ordinary use for the transmission of dysenteric and typhoid stools, such as 30 
per cent glycerine sahne, w ere found not so smtable for cholera stools on account 
of their lethal action on V choleice A number of dyes and other bactenostatic 
agents have been tried, none of which proved satisfactory Bone acid, which 
enters into the composition of highly alkahne buffers, seemed to be less inhibitory 
to 7 cholerce in dilutions in which it inhibits the growth of Bact col% and Bad 
wrogenes 


Salt requirements — ^Read, Singh, Seal and Bose (1939) refer to the work of 
previous mvestigators who found that the presence of salt facihtates the survival 
of 7 cholerce and record their own finding that both orgamc matter and salt are 
essential for the growth and survival of the cholera vibno Genevray and Bruneau 
(1938) claim that 3 per cent dried sea-salt in peptone water promotes the 
preferential growth of 7 cholerce in the presence of B pgocyaneus and B froteus 
Our own observations favour 2 per cent sea-salt as an optimum concentration 
conducive to prolonged viabdity of 7 cholerce in the presence of other bacteria We 
could recover the cholera vibrio after a delay of 198 days from a 2 per cent sea-salt 
solution moculated wuth a mixture of 7 cholerce, a non-mannose fermenting nou- 
agglutinable vibrio and Bact esrogenes 

Eydrogen-ion concentration — The value of high alkahmty m promoting the 
preferential growth of the cholera xubrio m the presence of coliform and other 
orgamsms is well recognized Read et al {he at ) record that 7 cholerce m pure 
culture multiphes best m the pH range 6 to 9 and that good multiphcation could 
be secured at pH 9 4 In our experiments on survival of 7 chol&ce, we found a 
pH of 9 2 most smtable 


Bone aad tolerance of V choler© and cohform organisms — To demonstrate 
the difference m the bone acid tolerance of 7 cholerce and cohform organisms 
three sets of tubes of peptone water (peptone 1 per cent, NaCl 0 6 per cent, pH 8 4), 
cont aini ng mcreasmg amounts of boric acid, were moculated with 7 cholerce, 
Bact coll and Bact cerogenes, respectively The size of the moculum was so 
adjusted that each tube received approximately 100 organisms Immediately after 
moculation, and agam at mtervals of 4, 8, 24 and 48 hours, a standard 
of the culture from each tube was spread on agar, meubated overnight and e 
number of colomes on each plate counted It was seen that, while bone aci 
inhibits to some extent the growth of all three, 7 cholerce survives a concentration o 
up to 1 6 per cent, while both Bact coli and Bact cerogenes are completely m i e 
by 0 6 per cent and, to a considerable extent, by even 0 3 per cent The dmeren 
was even more marked when the orgamsms were held m salt solution con ° 
1 /60,000 peptone , 0 3 per cent boric acid was sufficient to completely 
Bact cerogenes and Bact coli This differential inhibition was, however, os 
heavy mocula of the size of 1 c c of a 24-hour broth culture ^ 

The 'preserving solution — ^Based on the considerations of 

buffered sea-salt solution of pH 9 2 was prepared from the standard 
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Clark and Lubs (1916, quoted by Clark, 1923) and its value as a preserving medium 
mvestigated The solution was prepared as follows 12 405 g bone acid (H3BO3) 
and 14 912 g potassium chlonde (KCl) are dissolved m about 800 c c of hot 
distilled water, the solution cooled and made up to 1 htre From this stock 
solution, 250 c c are taken, mixed with 133 5 c c of M/5 ISTaOH and the whole 
made up to a htre Twenty grammes dned sea-salt (common salt from the bazaar 
serves equally well) ate dissolved and the buffered sahne filtered through paper, 
dispensed in 10-c c quantities in 1-oz screw-capped bottles and sterilized in the 
autoclave The sterilized buffer has a pH of 9 2 and is found to mamtam the same 
pH for months The collectmg outfit includes, for convemence, a small alummium 
spoon which will hold about 1 g to 3 g of stool dependmg on the consistency 
In use, a spoonful of the stool specimen is ueU mixed m the buffer which is 
then mailed 

Groicth and surviial of V choleras tn specimens of artificially infected stool 
preseried in the medium — Normal human stool whose reaction has been adjusted 
to a pH of 9 2 by the addition of alkah, was suspended m buffered sahne prepared 
m the manner described aboi e, and the suspension stramed through mushn This 
uniform stool suspension was distributed m 10-c c quantities in a number of sterile 
1-oz screw-capped bottles Each bottle received an moculum of 1 c c of a smtable 
dilution (10^ to 10-9 xn different experiments) of a 24-hour broth culture of a 
laboratory stram of F choleras, contaimng approximately from 10 to 10,000 (in 
different experiments) vibnos as deterrmned by culture of decimal dilutions of the 
inoculum The specimens were held at room temperature and each day, vanous 
quantities of the preserved specimens were ennehed m Head’s modification of 
Wilson and Blair’s medium (Read, 1939) and subsequently plated on Aronson and 
agar media It was seen that there was only a shght imtial multiphcation (m the 
region of a tenfold mcrease), but the vtbnos remained viable for as long as 62 days 
Recently isolated strains of 7 cholerce were used m other experiments with 
substantially similar results 

Survival ofY choleras in a stool from a proved case, preserved in the medium — 
A set of 24 specimens was taken m the preservative from a bactenologically posi- 
tive case on the first day of illness These were exammed at mtervals, after 
preliminary enrichment m mannose-bismuth-sulphite medmm. It was found 
possible to isolate F cholerce up to 92 days after collection, when the specimens 
were exhausted The pH of the specimens remamed at 9 2 at which it was 
ongmally adjusted 

A field trial of the preservative — ^An opportunity to test the practical value of 
the preservmg solution under natural conditions was afforded by an outbreak of 
cholera m the Northern Circars Two sets of specimens of stools were collected 
m the preservative from chmcally typical cases of cholera One set was examined 
immediately on the spot, while the other was mailed to the laboratones at Tanjore 
tatang 4 to 7 days m transit, and occasionally longer Both m the field and m the 
laboratory, platings were made after prelmmiaxy enrichment m mannose-bismuth- 
sMphite me^um Sixty-six specimens, mcludmg a specimen of vonut were 
taken from 60 cases F cholerce was isolated from 64 specunens m the field and 
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from 00 m tlie laboratory No case was missed lu two instances, V clwlem 
was isolated from mailed specimens, while the immediate exammation of specimens 
taken in the field proved negative We had the impression that failure to isolate 
V chole) CB occurred in those instances where an excess of stool had been added to 
the preservative causmg a drop m the pH 

The preserving solution was also utilised m the exammation of 135 healthy 
contacts of 23 cases Three himdred and seventy-three specimens were obtamed 
from 135 contacts and the cholera vibrio recovered from 8 One of these appeared 
to have been incubating the disease as he subsequently passed through a mild attack 
but the other 7 remained healthy These observations were not controlled by 
attempts at isolation by immediate exaimnation, but the percentage of healthy 
contacts detected passmg V cholerce is considered sufficiently high to warrant the 
behef that not many had been missed 


Summary 

A preservmg medium for the transmission of specimens for the isolation of 

V cholerce is described From specimens of infected stool held m the medium, 

V cholerce could be recovered up to 92 days after collection The results of a 
trial of the preservative m the exa min ation of specmiens m an actual outbreak are 
given 
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ON THE ECETAL INFECTION BY 
L IGTEROEJSMORRHAGI^ 

IN A EAT 


BY 

M N LAHIRI 

{From the Hafflme Institute, Parel, Bombay ) 

[Received for publication. May 13, 1941 ] 

It xs establisked that rat la the earner of pathogenic leptosprr®, but no definite 
obsertations have been made as to hovr the infection is maintained in the rat 
population. Since leptospixse are excreted m unne of the infected rat, it has been 
suggested that the infection occurs through the ingestion of food contaminated with 
such urme Possibly also leptospins may gam entrance mto the body through the 
infected matenal conung m contact with the skin with open wounds The 
observations to be described m this paper suggest stall another possible mode of 
transmission, e g transmission of infection from the mother to the ofisprmg through 
the placenta 

In the hterature there is no mention of placental transmission of infection from 
mother to offspring m the rat though there are a few espenmental observations on 
such transmission m the guinea-pig In the case of guinea-pig Costa and Troisier 
(1916) were the first to report the penetration of leptospixse through placenta as 
shown by the transmission of the disease by moculation of the anmiotic fluid. To 
this Buchanan (1927) put forth objections on the ground that the presence of infec- 
ted Mood m such circiiiastances is rather difficult to exclude Takagi (1927) 
detected spiioohmtes in the placentas of gumea-piga infected mth Weil’s disease 
but the organisms could not be found m the feetuses It was observed that the 
spiroch®tes had been taken up by the ciliated cells and other tissues on the outside 
of the embryo which seem to protect the foetus from, mvasion from the maternal 
body The transmission of leptospixse from mother to foetus was established by 
Saenz (1929) This worker inoculated a pregnant gmnea-pig with leptospixse and 
five days later removed both the placenta and the foetus The gumea-pig inoculated 
witli the emulsion of the foetus died seven days later, whilst the second ammal 
inoculated with the placenta died of the same infection after thirteen days Another 
pregnant gumea-pig was infected sis days before the birth of two young ones m 
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both of wbich leptospirae were detected More recently, Das Gupta (1939) under- 
took a series of experiments on the gmnea-pig during various stages of prec'nancy 
and advanced defimte evidence of transmission of leptospiral infection from 
mother to the fcetus Further, the presence of the orgamsm was demonstrated 
in the sections of the fcetal hver These observations, therefore, confirmed Saenz’s 
findings 

During the course of investigation on the incidence of leptospiral infection m 
the rat population of the city of Bombay a rat of the species Rcitlus noTuegicus in 
a fairly advanced state of pregnancy was trapped On exannnation under dark- 
ground illumination the kidney emulsion of this animal showed the presence of 
leptospme This chance presence of infection in a pregnant ammal pernutted of 
the foUowmg investigation — 

The uterus of the rat was removed aseptically and six well-developed hve 
foetuses were recovered In the removal of the foetuses care was taken to avoid 
contamination with maternal flmds Similarly, m order to ehnunate any possible 
contamination from external sources, each fcetus was immersed m a bowl of strong 
lysol solution for five minutes and then washed in several changes of sterile saline 
The kidneys of each foetus were removed under aseptic precautions but owmg 
to the paucity of young gmnea-pigs sahne emulsions of the ladneys of three foetuses 
were pooled together Two cubic centimetres from each of the two mixtures thus 
made were mjected mtraperitoneally into separate gmnea-piga On examining the 
mixtures under dark-ground illumination before moculation leptosprree were seen 
in only one of them Two c c of emulsion of kidneys of the mother rat were also 
similarly moculated into a young gumea-pig of about 180 grammes in weight On 
the third day after moculation the peritoneal fliud of the guinea-pig showed few 
leptospirae under dark-ground illumination and on the seventh day after mocula- 
tion this animal died On post-mortem exaimnation jaundice and typical flecks of 
h®morrhage all over the lungs, the two pathognomic signs of the infection m 
gumea-pigs, were noticed The emulsion of the liver showed numerous leptospnaj 
and a second gumea-pig was inoculated with this emulsion From this second 
animal the stram was :^ally isolated The culture of the heart’s blood of this 
ammal yielded a luxuriant growth m Vervoort’s medium 

The two gumea-pigs which received the pooled emulsions of the kidneys of the 
foetuses died respectively on the eighth and tenth day after moculation Post- 
mortem exammations presented the characteristic signs of leptospiral infection 
A pure growth of leptospuse was obtamed from the culture of the heart’s blood of 
both these animals The three strains thus isolated frbm mother and the offspnng 
were found to be serologically identical The above observation is, therefore, a 
clear mdication of natural infection of rats through placenta 


The question arises whether the embryomc rat infected m the uterus tbrough 
nlacenta would survive after birth On this point, however, we have no direct 
evidence From the fact that the fmtuses were all ahve even at such an advanced 
stage of pregnancy it is very likely that they could have been born ahve and woidd 
have d vdo^ed toW.t/ They «vdd have acted as reserve™ of .dect ou 
This IS further supported by the fact that there is no experimental evidence 
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mixed and the mixture brought to pH 4 8 (glass electrode) with 40 per cent caustic 
soda solution and kept in a water-bath at Y0°C for 30 minutes so as to precipitate 
the metaproteins The leaction of the broth was finally brought to pH 7 4 The 
proportion of the digest and the infusion m the mixture was such as to afiord a 
broth of composition approximatmg the figures in the table Amount of sodiuni 
chloride formed in the broth was estimated and the quantity required to give a 
final strength of 0 6 per cent was added 

Composition of the bioth 

Per cent 


Total mtrogen 0 599 

Metaprotein nitrogen 0 008 

Primary proteose mtrogen 0 218 

Secondary proteose mtrogen 0 176 

Amino mtrogen (van Slyke) 0 075 

Peptone and residual mtrogen 0 130 

Total sohd (including 0 5 per cent NaCl) 5 06 

Tyrosme 0 085 

Tryptophane 0 028 

Cystme 0 021 


Process oe immunization 

Average mid of this toxin was found to be 0 00006 c c for 350 granunes 
gmnea-pigs To test the antigemcity of this toxm, 15 horses were taken for trial 
These horses had been regularly yielding antitoxic serum of fairly constant titre 
with toxin prepared with Witte peptone broth Average titre of these horses 
were 1,800 international umts per c c and this titre remamed as before after 
re-immunization with the toxin produced m the medium herem descnbed Eleven 
fresh horses were then tried with this toxin and, after the usual full course of toxin, 
average titre obtained was 1,430 international umts per c c 

Erom these observations, it was considered to be of interest to introduce this 
medium in routme immunization Up till now more than 200 horses have been 
satisfactorily immunized with this toxm No serious allergic symptoms have ye 
been noticed m any of them 


Asson (1038) 
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Sen (1941) 

Wadsworth (1939) 
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OF RINGWORM FUNGI 
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(Medical Mycology Inquiry, Indian Research Fund Association, 

School of Tropical Medicine, Calcutta ) 

[Received for publicatiott, June 3, 1941 ] 

It is difficult, particularly lu the tropics, to obtain pure cultures of xingworm 
fungi from the skin, because the slan is always heavily contaminated with 
pyogemc cocci and other bactena which on account of their relatively rapid 
growth on ordinary culture media prevent the slower-grovmig fungi from 
becoming established 

We have tned vanous methods of attaining this end, such as — 

(1) Inoculating the primary culture on to tubes of media that have been 

allowed to become quite dry 

(2) Drying the scales m an incubator and cutting them into very small 

pieces before placmg them m the culture tubes 

(3) Washing the scales for five minutes in alcohol and then twice m ether 

for two or three mmutes before placmg them on the culture media 
j^one of these methods has proved satisfactory, but it should be 
noted that method (2) has been found very good m the case of 
hair ringworms We have also tried special media, such as that 
of Czapeck designed unth this special object in view, but we 
hai e found that they inhibit the fungi as well as the bacteria 
The recent work of Maplestone and Dey (1941) on the fungistatic and 
bactenciflal properties of a group of substances, including some dyes, suggested 
another method, namely, mixing a dve of proved efficacy with the Wture 
media 
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As a prehmiuary test we mixed oue drop of 1 m 1,000 solution of gentian 
violet with. 10 c c of Sabouraud’s maltose-agar, whde it was stdl in the fluid 
state This was fairly successful and we got pure cultures of fungi more readily 
than we had ever done before We then used two drops of gentian-violet 
solution m the same amount of medium and although the bactericidal effect 
was improved the appearance of the fungus was delayed too long, and 
sometimes altogether inhibited 

With these results as a basis we proceeded to work out the optimum strength 
of gentian violet that woidd inhibit the growth of bacteria and still pernut the 
growth of fungus Maplestone and Dey {loc cit ) found that gentian violet inhibits 
the growth of a stram of Staphylococcus aureus in a dilution between 1 m 76^000 
and 1 m 90,000 and that its fungistatic power did not extend beyond 1 in 5,000, so 
theie was apparently a wide margin to work with 

Conditiona of the experiments — ^Throughout the senes gentian violet (llerok B) dissolved in distilled 
water in a strength of 1 in 1,000 was used, and the strength of dye m the medium was vaned hy addmg 
different quantities of this solution to a fixed amount of the culture medium The same culture 
medium was used throughout , it was Sabouraud’s standard medium, except that glucose was 
substituted for maltose because the latter was not obtainable on account of the war In making 
the dye impregnated media the required amount of standard gentian-violet solution was mixed with 
100 c c of medium while it was stdl hquid , it was then poured into test-tubes and sloped m the usual 
way The medium was stenlized before the gentian violet was added, to obviate the chance of chemical 
changes bemg induced in the dye by heat Tlus necessitated the final stages m the culture tube 
preparation bemg carried out under strictly aseptic conditions 

Infected scales of skm or nails w'ere washed in alcohol for about five mmutes, they were then out 
in very small pieces and again washed m alcoliol, and finally they were placed on the slopes, core 
bemg taken that no two fragments were m contact 

After a senes of experiments involving observations on 202 separate cultures 
in whicb amounts of standard gentian- violet solution varying from 1 c c to 0 20 c c 
to each 100 c c of medium were used it was found that 0 25 c c gave the best results 
It wiU be noticed that this is an apparent strength of only 1 m 400,000 gentian 
violet, much higher dilution than that found effective by Maplestone and Dev 
We noticed that after a day or two the particles of skin or nad in the cultures 
had taken on a distinct violet tinge which probably means that the dye diffuses 
from the culture medium mto the particles of dead tissue so that in the latter its 
concentration becomes greater than it is m the culture medium, which offers a 
reasonable explanation of the great difference between the effective dilution us 
m the manner employed by Maplestone and Dey {loc cit) va. then experunen 
and by ourselves in the present instance 


Summary 

A simple method of impregnating culture media with a dye is — 

IS effective m preventing growth of bacteria, while it allows free growth o ringi 

fungi of the skm 
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piQie — ^The species of fungus used m the experiments was hptdermophylo fl 
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Tig 1 


Fig 2 


Fig 3 


Fig 1 — Control tube containing plain babcinraud s mediam, and 
showung heavy contanunating growth of bacteria and no 
growth of fungus 

Fig 2 — -Tube with 0 5 c e of gentian iiolet solution to 100 cc of 
Sabouraud’s medium and showmg no growth of bacteria 
or ftingua 

Fig 3 — ^Tube with 0 25 c c of gentian nolet solution m 100 o c of 
Sabouraud s medium with no contammatmg growth and a 
smgle large colony of Epidermophyton floccosum 
Duration of culture — one week 
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CALCIIIIil INTAKE AND ELUOEINE POISONING IN RATS 

BY 

S RAMGANATHAN 

{Nutrition Research Laboratories, I R F A , Coonoor, S India ) 

[Received for pnblication, June 30, 1941 ] 

The subject of fluorine poisoning has attracted considerable attention -within 
recent years and extensive re-views of the subject are available (iMcCluie, 1933 , 
Rohohn, 1937 , Greenwood, 1940) One of the signs of fluorine poisoning is 
* mottled enamel ’ -which tends to occur when dnnkmg water contains 1 to 2 parts 
per milhon of fluorine or more This dental condition has been reported m certain 
districts of the Madras Presidency (Shortt, McRobert, Barnard and Mannadi Nayar, 
1937 , Raghavachan and Venkataramanan, 1940), and also in the Punjab by 
Wilson (1939) and Day (1940) 

Fluorine poisoning may cause lesions of the bones in human bemgs Roholm 
{loc cit ) has observed chalky white bones -with irregular surfaces and -widespread 
periosteal deposits and calciflcation of hgaments, m cryolite workers Apparently 
similar lesions have been observed in adults m the Nellore distnct of the Madras 
Presidency (Shortt, Pandit and Raghavachan, 1937) In the neighbourmg 
Kurnool district, a disease of the bones among cattle, which may be of similar 
ongm, IS common and causes much economic loss The problem of fluonne 
poisoning is thus of considerable importance m India 

Suggestions have been made that the to-ac effect of fluonne is influenced by 
the composition of the diet m vanous factors Pronounced C avitaminosis has 
been thought to be a contnbutory factor m the production of severe chrome fluonne 
intoxication m man (Pandit, Raghavachan, Subba Rao and Knshnamurthi, 1940) 
A. diet nch m calcium, phosphorus and -vitamm D is also stated to have a beneficial 
influence on fluonne intoxication (Roholm, loc cil , Smith, Lantz and Snuth, 1935) 
McClure and Mitchell (1931) found a negative calcium balance with large intakes 
of fluorme, and it has been suggested that m such circumstances the latter mono- 
polires the calcium of the organism (Roholm, loc cit) If this were so, the 
seventy of fluonne mtoxication should be inversely proportional to the calcium 
content of the diet The relation between calcium mtake and the effect of 
fluonne poisoning m rats has been studied m the present in\ estigations 

( 693 ) 
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Experimental 

Young, growing albino rats of about 50 g to 60 g body-weight were used, m 
groups of SIX animals each (three males and three females) Four groups were fed 
on the following diets — 


Group I 




II 




ni 


» 


IV 


A basal diet of starch 00 parts, casein 20, gingoUy od 8, cod hver od 2, dned 
yeast 5 and salt mixture 6 The composition of the salt mixture was as 
foUows calcium lactate 39 parts, calcium phosphate 10 2, iron citrate 3 64, 
potassium phosphate 28 02, sodium phosphate 10 41, magnesium sulphate 
7 98, sodium chloride 6 19 and potassium iodide 0 6 
The same diet as group I plus 0 05 per cent of sodium fluonde Each rat 
consumed approximately 4 mg to 0 mg of sodium fluonde per day 
The same diet as group II but contoming the salt mixture mimis its calcium 
salts (calcium lactate and calcium phosphate) 

The same diet as group III but wuthout the sodium fluonde This group 
served to control the effect of the low intake of calcium m group IH 


The experiments were continued for 336 days, when the surviving ammals were 
kdled Most of the ammals survived, except for those in group III, m which all 
ammals died within the first 12 days Another batch of six young rats of the same 
age and weight was selected and fed on the group III diet In this repeated 
experiment, the average survival period was only 9 days 

The ammals m group II showed typical symptoms of chrome fluorme poison- 
ing, the teeth presenting a chalky appearance and growing inwards , the latter 
were brittle and ‘ mottled ’ in a few instances Bone lesions resembling those 
described by Roholm {he cit ) in rats also occurred These were not observed m 
the ammals dying within a short period The ammals grew for the first few weeks 
after which they remained more or less stationary in weight The survival period 
of the animals in the various groups and the average weekly increase m body-weight 
are shown m Table I — 


Table I 


Surmval of rats as influenced hy sodium fluonde and calcium 

content of the diet 


Group 

Average 

survival 

period, 

days 

Average weekly ghangb in 

BODY WEIGHT IN G DtrEENQ 

the period of survival 

At the end of 

6 months 

At the end of 
the experiment 

1 

n 

ni 

„ Repeat 

IV 

336 

207 

11 

9 

336 

3 77 

300 
-8 60* 

-9 60* 

360 

2 81 

2 64 

2 76 


* At death which took place within 2 weeka 
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It IS apparent from Table I that ftnonne administered m the doses mentioned 
above vras highly toxic when the dietary intake of calcmm was low or insufficient 
for the body needs of the amraals Less than 0 1 per cent of calcium was 
present in the diet of group III The same dose of fluorine did not rapidly lali 
the animals m group II which received much larger amounts of calcium The 
calcium content of the diet of group II was about 0 7 per cent 

To throw further light on the problem, another senes of experiments was 
earned out Some groups received the same amount of fluorine as in the first series 
(0 05 per cent sodium fluonde) with varying intakes of calcium In other groups 
the calcium mtake was kept constant at a low level (0 1 per cent) and the dose 
of sodium fluoride varied Experiments were also undertaken to discover whether 
calcium present m natural foodstuffs has a beneficial effect m ‘ de-toxicating ’ 
fluonne Eagi (Eleusine coracam) and pohshed raw rice, the former bemg nch 
m calcium and the latter poor, were substituted for starch m the synthetic 
experimental diet and two groups of rats were fed on these modified diets 
respectively The effect of a reduced phosphorus mtake was also studied Except 
in group XI the survivmg ammals viere killed after 280 days 
The following diets were fed to groups of six young rats — 

Gbovp \ The same diet as group II but mth 0 5 of the amount of calcium salts in the 
salt mixture (the diet contained 0-35 per cent of Ca) 

VI The same diet as group II, but loth 0-26 of the amount of calcium salts in the 
salt mixture (the diet contained 0 18 per cent of Ca) 

VII The same diet as group IV plus 0-025 per cent of sodium fluonde 
Vin The same diet as group IV plus 0 01 per cent of sodium fluonde 
, IX The same diet as group tH with ragi substituted for starch 

X The same diet as group HI with miEed raw nee substituted for starch. 

, XL The basal diet plus phosphorus finie salt mixture plus 0 05 per cent of sodium 
fluonde 

The survii^al penod and growth of the animals are set out m Table 11 ' 


Table II 

Effect of varying calcium and fluorine intake 


Group 


Average 
sumval 
penod days 


Average weekly change 
m bi^y weight m g 
dunng the penod the 
animal survived 


1 

102 

\T 

23 

MI 

32 

^*ra 

280 

IX 

55 

X 

21 

XI* 

238 


2 18 
-0 70 
1 40 
3 13 

1 U 

2 60 


* The expenment with this group wus started later 
the surviving ammals were killed after 238 days. ’ 
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Table II shows that the addition of increasing doses of calcium to experimental 
diets contaimng a constant percentage of fluonne correspondingly increased the 
survival penods of the ammals Likewise, progressively decreasmg doses of fluonne 
given with a diet low in calcium proportionately increased the survival rate Thus, 
with 0 01 per cent sodium fluoride m an almost calcium-free diet, the ammals 
survived for 280 days with fairly satisfactory growth, putting on over 3 grammes 
weight per week on an average during a period of 40 weeks, whereas when the dose 
of sodium fluoride was increased to 0 025 per cent, the diet otherwise remaimng 
the same, the animals exhibited poor growth and died withm 6 weeks A 
similar result was obtained when natural foodstuffs, one (rice) poor m calcium 
and the other (ragi) rich in it, were substituted for starch m the S 3 mthetic diet 
The ammals on the basal diet contaimng ragi {Eleusine coraama) survived 
for 55 days, while those on the basal diet contaimng rice survived for only 
21 days The mitigating influence of calcium on fluorme poisomng is, therefore, 
obvious A change in the phosphorus intake (group XI) appeared to be without 
influence 

It should be observed that the doses of sodium fluoride employed in these 
experiments were above the human level of intake in areas of endenuc fluorosis 
Most of the ammals receiving sodium fluoride and surviving for long periods showed 
the characteristic bony lesions 

Fluorine in relatively large doses is stated to cause a negative calcium balance 
(Roholm, loo cit ), presumably because of the formation of calcium fluoride, a 
relatively insoluble salt For the formation of this salt, the stoicheiometric relation 
between calcium aud fluorine is approximately 1 0 95 In the experiments in 

which calcium was observed to produce a imtigatmg effect on fluorme poisomng, 
over 30 times as much calcium was given as that necessary for combination with 
fluorine to form calcium fluoiide, and smaller amounts of calcium did not produce 
t^e same protective effect It does not therefore seem hkely that the action of 
calcium can be wholly explained as being due to the removal of fluonne as an 
insoluble salt 


Summary and conclusion 

Calcium, administered either as a salt or as present m combination in natural 
foodstuffs, exerted a imtigating influence on fluorine poisomng in rats At t e 
levels of dosage used, the toxic effect of fluorme was inversely proportional to 
calcium intake 
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THE VITAMIN D CONTENT OF SOME FISH OILS. 
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{NutrUton Research Laboratories, I R F A , Coonoo r, S India ) 

[Received for publication, June 30, 1941 ] 

As a result of the war, imports of cod-liver oil into India have practically 
ceased Considerable attention has been given to the production of cod-hver oil 
substitutes and at present these are being extensively used Cod-hver oil owes 
its importance m medicme to its content of vitamins A and D While a good deal 
of research has been earned out on the vitamin A content of Indian fish-hver oils, 
e g shark-hver oil, used for the manufacture of cod-hver oil substitutes, httle work 
has been done in India on their vitamm D content, the only paper on the subject 
bemg that of Basu and Sen Gupta (1940), who record the vitamin D content of the 
hver and body ods of 10 Bengal fish Vitamm D is of importance m the treatment 
of rachitic diseases which are common m North India Hence it is desirable 
to have information about the vitamm D content of fish oils available m India 
The present paper records the results of the vitamm D assay of 14 fish oils 

Expebdiental 

Vitamm D was assayed by the ‘ Ime test ’ techmque based on the effect of test 
substances m promotmg calcification m the bones of rats fed on a rachitogemc 
diet Young rats from a healthy colony, weighmg about 40 g to 45 g , were used 
No special precautions were taken to keep the vitamm D content of the mother’s 
diet low m vitamm D, but fitters of 5 and more were removed at birth along with 
the mothers to a dark room, where they were kept durmg the period of weanmg 
and throughout the experiment The experimental animals were fed on a 
modification of Steenbock’s rachitogemc diet No 2965 (Steenbock and Black, 
1925), yellow maize and wheat gluten bemg replaced by similar amount of whole- 
wheat flour and egg white The composition of the diet was as follows — 

Parts 

Whole-wheat flour (atta) 76 

Egg, white 20 

Calcium carbonate 3 

Sodium chloride j 

Plus one drop of a vitamin A concentrate (2,000 international umts) everv 
14 days ' ■’ 

( 699 ) 
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The above diet had a calcium-phosphorus ratio of approximately 4 1 and was 
found to be satisfactory as a nckets-producing diet 

About 30 young rats were put on the experimental diet simultaneously 
During a preparatory period of 3 weeks the basal diet only was given The ammals 
were then divided into four groups, care being taken to distnbute htter mates 
throughout the groups One group, consisting of 3 to 6 ammals, was kept on the 
basal diet and served as a negative control , another group, including 8 rats, was 
given 25 international umts of vitamin D in the form of the international standard 
preparation as a smgle dose , the third and fourth groups, of about 8 ammals cacli, 
were given the test ode in varying doses The vitarmn D content of the latter was 
estimated from the amoimt required to produce a degree of ‘ heahng ’ or calcifica- 
tion comparable to that produced by the dose of the international standard 

After 10 days the animals were killed and the distal ends of the radius and ulna 
removed The bones were split longitudinally, and one half, with the cut surface 
uppermost, exposed to sunhght in silver nitrate (1 5 per cent), for 2 minutes, and 
subsequently for the same penod m distilled water The blackened ‘ hne ’ caused 
by the formation of colloidal silver at the epiphysis serves as an mdex of ‘ heahng 
and was assigned a value according to standards given by Coward (1938) for the 
line test The assessment of ‘ healing ’ values was made by at least two indepen- 
dent workers without prior knowledge of the group to which the ammals belonged 
The average amount of ‘ heahng ’ induced m each group was then evaluated, and 
by a comparison of these values with those given by the standard vitamin D under 
the experimental conditions, the vitamin D content of the test samples was 
deterrmned 

Oils studied — The object of the investigation was to discover how much 
vitamin D is present in shark and saw-fish hver od, now bemg used in the 
manufacture of cod-hver oil substitutes, and to find out whether any fish oil avadable 
in large quantities was a rich source An oil with a potency of the order of that o 
tuna fi^h od, which contains about 40,000 mternational umts per gramme, would 
be of great value for admixture with other ods Liver ods from fish caught in on y 
small quantities, however rich in vitamin D, would not be of much use in t e 
manufacture of medicinal preparations on a large scale and were not included in 
the investigation The Table sets out the vitamin D content of 14 samples o s 
od, as determined by the ‘ hne ’ test — 


Table 

The mtamin D content of some 

fish oils 


International 

Fish oils 

units per 


gramme 

1 ‘ Finest Norwegian ’ cod liver oil 

180 

2 Shark-liver oil 

160 
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Fish oils 

International 
units per 
granmo 


Shark bver oil 

210 

i 

do 

220 

5 

do 

220 

6 

do 

260 

7 

Diluted shark In er oil* the diluent 
was probably ground nut od 

Very low 

8 

do do 

Very low 

0 

Saw fish liver oil (Prislis group) 

200 

10 

do do 

180 

11 

Sardine oil 

200 

12 

ilackorel oil 

220 

13 

Ray oil 

160 

14 

Plough fish oil {Bhyncobaius dieddeiisit) 

260 


* Containing 1,000 mtemat onal unita of vitamin A per g 


It will be seen from the Table that the fish oils examined were not 
excessively nch m vitamin D The shark-liver oils had an average vitamin D 
content of 210 mtemational umts per gramme, a value about twice that of B P 
cod-hver oil The Norwegian cod-hver od tested gave a value higher than 
the B P specification Bills (1935) records a lower content of vitamin D for 
one sample of shark-hver od 

Discussion 

The \ntamins A and D potency of B P cod-hver od is 1,000 and 100 inter- 
national umts per gramme respectively Shark and saw-fish liver oils are, on an 
at erage, 8 to 10 times richer than this m vitamm A, and only 1 5 to twice as rich in 
\ntauini D IVhen the manufacture of a medicinal preparation from these ods 
was undertaken in India it was decided to ami at a vitamin A potency of about 
1 500 international umts per gramme, i e 50 per cent above the B P standard 
Preparations standardized at this value could he given m the same dosage as 
cod-hver od, to which the medical profession was accustomed In order to 
reach this standard, ground-nut od was used as a dduent Another advantage 
of ddution lay m the fact that batches of shark-hver od vary m vitamm *A 
potency and a uniform product can be produced by the smtable admixtnre of 
a vegetable od 



702 


Vttamin D Content of Fish Oils 


Sucti a diluted product vnll contain less vitamin D than cod-hver oil, which 
experience has shown to be suitable as regards concentration for anti-xachitic 
medication If the dose is adjusted to supply sufficient vitamm A, too httle 
vitamin D may be given Hence, if shark and saw-fish hver oil preparations, 
diluted with vegetable oils, are to be used in the prevention and treatment 
of rachitic conditions, it is desirable that they should be fortified with a 
vitamin D concentrate, preferably calciferol One gramme of calciferol would 
‘ vitaminize ’ about 100 gallons of blended oil as described above, givmg a vitamin D 
potency of about 100 international umts per gramme in the final product 

SuMMABY AND CONCLUSION 

Fourteen samples of fish od were tested for vitamin D by the ‘ hne ’ test The 
value of undiluted oils ranged from 150 to 260 international umts, with an average 
of about 200 mternational umts per gramme The need for ‘ fortifying ’ cod-hver 
oil substitutes based on shark and saw-fish hver oil is discussed 


Basu and Sen Gupta (1040) 
Bills (1936) 

COWABD (1038) 

Steenbook and Blaob. (1925) 
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The epidemiology of benben m India was discussed in a previous communi- 
cation from the Laboratones (Aykroyd, Knshnan, Passmore and Sundararajan, 
1940), m which it was shown that benben as a senous pubhc health problem is 
confined to the Northern Chrears distnct of the Madras Presidency Its limite-d 
geographical range was explamed on the grounds that m the Northern Circars the 
majonty of the population consumes raw nee, whereas m other nce-eatmg areas 
m Madias, and throughout the nce-eatmg parts of India generally, the poorer 
classes prefer parboiled nee Raw nee loses most of its vitamm when 
machme mill ed to a high degree, whereas parboiled nee retains as much as two- 
thirds of its anti-benben vitamm when treated m the same way, this bemg due 
to the dtffuaion of the vitamm through the endosperm m the steaming process 
About 70 per cent of the nce-eatmg population of the Madras Presidency 
consumes machme-miUed nee, and this practice is as co mm on outside the 
benben area as withm it 

In all Eastern countnes m which benben is prevalent, the disease is known 
to be common among infants Accordmg to reported figures, about one-third of 
the deaths from benben m Japan durmg the years 1928-32 were m infants under 
one year, while m Manila m the Philippmes durmg the same penod the proportion 
of infantile deaths was about one-haif (Burnet and Aykroyd, 1935) Benben 
m infants has not hitherto been reported m India, but expenence m other coimtnes 
strongly suggests that it iitust be common m the benben area A bnef prehm- 
mary note on this question has already been published (Aykroyd and Knshnan 
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During visits to tli© North.ern Circars we have had the opportunity of 
observing clinically cases of infantile beriberi Our attention was first drawn to 
the condition by Sister ]\fary of the Sacred Heart, Medical Officer in St Joseph’s 
Hospital, Guntur Sister Mary found that breast-fed infants, seriously ill or even 
at the point of death from causes previously obscure, could be dramatically reheved 
by the injection of pure vitamin Subsequent inquiries in hospitals and out- 
patient departments have convinced us that infantile benberi is common in the 
beriberi area, though as yet usually iinrecogm/ed 

Chmcal picture — The following brief description is based on textbook 
accounts and on our own observations — 


Beriberi usually occurs in breast-fed infants aged 3-4 months Often the 
child fails to gam in weight during a iveek or so previous to the attack In the 
acute form the infant is suddenly seized with what appear to be severe paroxysms 
of pain , during a paroxysm it may straighten out its body and become qmte rigid 
Between attacks, the muscles feel abnormally soft and flabby Vomitmg is fiequent 
There is usually cyanosis and coldness of the extreimties and difficulty in breathmg 
IS obvious Bight-sided dilatation of the heait is common and the pulse is weak 
and rapid Excretion of urine is diimmshed General cedema is rare but lopahzed 
oedema may be observed A husky or almost inaudible voice, due to oedema of 
the larynx and not to paralysis of the vocal cords, is very characteristic of infantile 
benberi The knee-jerks may be absent Death often occurs within 24 hours 
unless the appropriate treatment is given 

In more chrome cases the usual chmcal picture is that of a pale flabby baby, 
not gaimng in weight and becormng weaker and weaker Vomitmg and consti- 
pation are frequent Infants with chrome benberi may die suddenly of heart 
failure 


Examination of the mother will often leveal evidence of benberi m the 
form of shght paresis, difficulty in walking and numbness and tmghng m the 
extremities She will often describe the sudden death of previous infants at the 
age of 3-4 months or thereabouts 


The therapeutic test is the most satisfactory method of diagnosis Injection 
of pure synthetic vitanun Bi may reheve an infant which appears to be almost 
monbund In very acute cases less concentrated preparations, such as yeast 
or extract of rice polishmgs, may not have time to act, but they may be 
effective when the condition is less grave — ^ivitness the success achieved in the 
Phihppmes in the treatment of infantile benberi with ‘ tiki-tiki ’, an alcohohe 


extract of nee pohshings 

Tiend of infantile ‘inortahty in the Northern Circars — Epidenuological investi- 
gations in hospitals and out-patient departments present considerable dflhciuties 
In this prehnunary inquiry we have approached the problem by a study o e 
statistics of infantile mortahty m a number of towns in the benberi area an ni 
other places Iffie Annual Reports of the Director of Pubhc Health, i a 
(1936-39), provide data about infantile mortahty in mumcipahties in 
Madras Presidency Infantile deaths are grouped under the periods 0-1 mon , 
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months, and 6 months to 1 year A comparison was drawn between the 
proportionate mortality in these penods m 17 towns m the Northern Oircars and 
17 towns m the provmce south of Madras City in 1938, the total population 
concerned being approximately the same in each case Health officers were 
employed m nearly all the towns during the period under consideration and this 
means that registration of births and deaths is hkely to be fairly accurate 

In the benben area a greater proportion of infant mortahtj occurred in the 
period 1-6 months than in, the periods 0-1 month and 6-12 months In the 
other towns and m Bntish India generally, the greatest proportionate mortahty 
occurred during the first month The reported infantile mortahty in the towns 
in the benben area was considerably higher than in the towns outside the area 
{viie Table) 

Table 


InfanHle mortality in 34 towns (1935-39) 


! ! 

Reported 
' average infant 
mortality rate ' 

0-1 month 

1-6 months 

1 

, 8-12 months 

Per cent of 

Per cent of 

Per cent of 

total infant 

total infant 

' total infant 

mortahty 

mortahty 

iiiortaht;y 

17 towns m benben area 

1 

201 j 

142 

41 8 

24 0 

17 towns outside benben area 1 

104 j 

32 7 

26 0 

20 4 


All observers agree that benben usually attacks infants at the age of 
3-4 months A study was made of the available records of infantile mortahty m 
the age group 0-6 months, at each month of life, compnsmg the years 1935-39, 
m the following six mumcipahties — 

Benben area Other towns 


Bezwada 

Cocanada 

Vizagapatam 


Kumbakonam, 
Tan] ore 
Tuticonn. 


The results are shown in the Chart In the towns in the benben area, there 
was a sharj) and constant peak at the fourth month of hfe, which was not visible 
in the records of the other towns Causes of death— debihty, diarrhoea, convulsions, 
etc — A\ere included in the mumcipal records, but these mean very httle and no 
account was taken of them The maccuracy of vital statistics m India is ivell 
ImoTO But a mother whose chdd dies in infancy usually knows approximately 
Its time of birth and we can think of no reason why more deaths should be 
consistently recorded as occumng in the fourth than in other months except the 
obMous one that more deaths actually occurred in the fourth month The peak 
in mortality at this period of hfe revealed itself only on detailed examination of 
the records its e^tence was unknoivn to the mumcipal health officers who had 
collected them It may be pomted out that registration of births and deaths in 
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the Madras Presidency is more satisfactory than, m most parts of India and that 
we were concerned with urban areas in which whole-time health officers were 
employed 

In the Annual Report of tlie Pubhc Health Commissioner \nth the Govern- 
ment of India (1^36) it is pointed out that in Burma the proportionate mortality 
at different periods of the first year of life is very different from that recorded m 
British India The figures given are as follows — 

Deatks. l^month ^ 1-ft months 6-12 months. 


British India (19J0) 47 3 31 3 21 5 

Burma (1936) 23 6 58 0 18 6 


Data relating to monthly infant mortahty m a number of towns in Burma were 
kindly supphed by the Durector of Pubhc Health and the Nutrition Officer, Burma 
The percentage monthly mortahty for ten towns for 1935-39 is shown m the 
Chart It will be seen that while mfant mortahty in Burma remains high durmg 
the first 6 months of life, there is no peak at the fourth month Beriberi does not 
appear to be common m Burma, although precise information of its mcidence 
13 lacking The Pubhc Health Commissioner’s Report {loc cit ) suggests that 
the high mortahty m Burmese infanta aged 1-6 months is due to the practice of 
feeding infants with sohd food after the first month of Me and probably this 
explanation is the correct one 

An effort was made to obtam monthly records of infantile mortahty from an 
area m which henben is known to be common, namely Singapore Unfortunately 
the subdivision of age penods m Smgapore does not correspond with the Indian 
classification, hemg 0-3 months and 3-12 months Records kindly sent by 
Dr Fans, Chief Health Officer, Singapore, show that m this area mfant mortahly 
after the neonatal penod (0-1 month) is greater than m India, but no further 
comparisons can usefully be drawn at this stage It is the practice among the 
Malayas to feed infants m sohd foods m the early months of Me and this, as m 
Burma, may influence the trend of infantile mortahty 


Discussioi; 

Clearly the above observations, though suggestive, do not jiruce that benben 
is an important cause of infantile mortahty m the Northern Ciicars Proof can 
only be obtamed by field mvestigations m which the cause of infant deaths is 
carefully mvestigated and trial is made of the effect of vitannn Bi on mok infants 
It 18 hoped to cany out mvestigations of this nature m the near future Mean- 
while the attention of health officers and medical practitioners m the benben area 
may be drawn to the possibihty that illness death of obscure causation 
occumug m breast-fed infants at about the fourth month of Me may be due to 
Mtamm Bi deficieticj' 
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SUMJIARY. 

1 Cases of infantile beriberi have been observed in the Northern Ciicars 
district of the Madras Presidency, where adult beriberi is common 

2 In three towns in this area a peak in infant mortahty occurs at the fourth 
month of life This peak is absent m towns in which adult benben is rare or 
absent 
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DENTAL CAEIES IN INDIAN OHILDEEN 


BY 

K L SHOURIE 

{Nutrihon Research Laboratories, I R F A , Coonoor, S India) 


[Received for pabhcation, June 30, 1941 ] 


All enormous amount of climcal, epidemiological and experimental work has 
been earned out m the investigation of the problem of dental canes With regard 
to its £etiologv, however, confusion and uncertamty stiU reign Kungehnass, 
Newton and Bodecker (1934) remark that the study of groups immune or relatively 
immune to the disease might throw more bght on causation than the study of 
populations showing a high mcidence There has been a general impression that 
dental decay is much less common m India than m Northern Europe and 
America In the course of numerous diet surveys rough-and-ready dental 
inspections, without the use of probe and mirror, have been made and have in 
general supported the idea that the condition of children’s teeth m India, as 
far as canes is concerned, is relatively good Taylor and Day (1939) observed 
a low incidence m children m the Kangra valley, Northern Punjab, and Day 
and Tandon (1940) have earned out an mvestigation in another group of 
children m the Punjab and recorded that the amount of canes present was 
less than m Amencan children Apart from these mvestigations, no other 
studies appear to have been made 

The present paper records the dental exammation of 6,866 children 
in vanoos parts of India 


Method of investigation 

A detailed dental inspection, m which aU the available tooth surfaces m the 
mouth were exammed, usmg a dental mirror and probe, was made m the case of 
each child The total number of teeth, and the number of deciduous and permanent 
teeth, were recorded All extracted teeth were recorded as carious except the 
neghgible percentage known to have been lost as a result of trauma or extracted for 

( 709 ) 
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some other reason In recording the extent of canes the classification of Day and 
Sedwick (1931) was employed — 

1 Imtial canes including softened or discoloured pits and fissures giving 

lodgment to a fine explorer 

2 Freely accessible approximate cavities and small open cavities involving 

less than one-fourth of the tooth 

3 More extensive caries involving more than one-fourth and less than 

two-thirds of the crown 

4 Caries involving from two-thirds to complete destruction of the 

crown 

The author is a medical graduate and has no qualification m dentistry In 
order to fit himself to undertake the investigation he underwent a course of training, 
lastmg a few weeks, under Dr Marshall Day at the de Montmorency College 
of Dentistry and the Punjab Dental Hospital, Lahore Dr Day, the Pnncipal of 
these institutions, very loudly demonstrated methods of deteetmg and assessing 
canes m its various stages It is necessary to mention the hmitations of the author’s 
expenence m dental work because it is possible that he may have onutted to record 
the presence in some cases of very fine canons pits or fissures which a highly 
experienced dentist might include under ‘ mitial canes ’ As regards the more 
pronounced degrees of canes, he feels that his records are satisfactory and accurate 
Exactly the same standards of assessment were apphed m the case of all children 
examined so that the records of the incidence in different groups are strictly 
comparable 

In addition to the dental findings, the following information was also 
recorded — 

1 Age Date of birth was taken from school registers The accuracy 
of the registers, however, caimot be guaranteed, because many famihes, 
especially in rural areas, do not keep any record of the date of them children s 
birth 

2 Sex 

3 Residence rural or urban area 

4 Diet nature of staple cereal 

6 Economic status In urban areas, where the mcome of the famihes could 
be ascertained, the children were grouped as follows — 

Up to Rs 25 per month 
From Rs 25 to Rs 50 per month ^ 
From Rs 60 to Rs 76 per month ^ 

Rs 75 and over per month 

The results were recorded on a smtable card 


Group 


53 

>3 

33 


I 

n 

m 

IV 
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The foUovnng groups were studied — 


Group 

Djstnot. 

Number of 
children 

I 

Delhi Province, rural 

991 

n 

„ „ urban 

1,074 

m 

Central India (Ajmer), urban 

178 

lY 

^ladraa Preaidencv Kurnool dwtnot rural | 

1 2,822 

V 

, Coimbatore, urban 

969 

YI 

Xilgins urban 

605 

TO 

, Nilgins, Anglo Indian Orphanage 

227 


Results of investigation 


The percentage incidence of caries in all children is given m Table I, which 
shows also the degrees of canes and the average canes figure for each tooth 
The ‘ total canes figure ’ is calculated by multiplying the numbers included 
under each degree of canes by 1, 2, 3, or 4 as tbe case may be The ‘ average 


canes figure ’ is 


total canea figure 
number of teeth emmmed 


This method has been followed by other mvestigations It expresses the 
extent of canes as a factor which can he used m making comparisons between 
groups 


Table II shows the mcidence in hoys and girls Table IH compares canes m 
urban and rural children m Delhi Province The urban children were all resident 
in Delhi City, while the rural children hved m villages some 15 miles from the city 
These children were all wheat-eaters In the last column the percentage of canes 
m all urban and rural children is shown, except that the Anglo-Indian children m 
the Nilgms were not mcluded 


In Table IV the mcidence m wheat- and nce-eatmg childien is compared The 
groups mcluded are I, 11, III, V and VI Table V shows mcidence m relation to 
economic status m groups II, III and V Only urban children are included 
Table VI gives figures for canes m Indian day school chddien in the Nilgms and for 
Anglo-Indian children m an orphanage m the same distnct 
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Table I 

(«) 

Percentage of dental canes (6,866 children) 


1 

1 

j 

Age i 

i 

Number of 
children 

1 

Percentage 
free from 
cnncfl 

1 DpOrDUOUS TEETH 

) 

1 

Permanent tefth 

All teeth 
percentage 
carious 

Number 

1 

Percentage 

cjinons 

Number 

Percentage 

canoua 

6 

70 

68 6 

1,410 

00 

29 


01 

0 

294 

65 4 ' 



1,161 

26 

08 

1 

7 

1 

468 

1 

443 

7,176 


3,438 

3 6 

78 

8 

048 ! 

1 

39 0 


11 7 

j 6,567 

36 

82 

9 

494 

1 

39 2 

5,469 

13 8 

0,019 

30 

79 

10 


443 

4,952 

12 6 

10,619 

29 

60 

11 

462 ' 

46 1 


12 7 1 

9,097 

36 

62 

12 ' 

813 

42 8 1 


83 1 

18,219 

39 

43 

13 1 

031 

47 2 , 

387 1 

11 3 

16,790 

40 

41 

14 

022 

47 7 i 


16 8 

17,238 

43 

44 

16 

627 

1 

447 

31 i 




44 

16 

489 

1 

41 3 ' 

13 1 




51 

17 

700 , 

' 1 

46 0 , 

1 

2 i 




45 


Deciduous 


Permanent 


(b) 


Total number 

Percentage 
of teeth 


of teeth 


carious 

1 

38,670 

10 8 

1,413 

139,679 

40 

4,026 


Extent op oabies 


2 


3 


4 


Average 

canes 

figure 


1,464 


746 


684 


099 


393 


204 
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Table IT 

Sex 'incidence of dental canes 


Sex, 






Aqe 





5 

i 

6 

7 

t 

8 1 0 

10 

11 

t 

I'M"' 

14 

15 j 16 ^ 

1 1 

17 


j Percentage of teeth canons. 

Females 

12 

1 

05 I 

i I 

i 94 1 88 

66 

44 

37 j 37 

4 1 

47 69 

5 0 

ilales 

50 

1 60 

1 

6 5 j 

! 

7 6 73 

, 67 

56 

4 6 1 42 
; 1 

44 

44 ' 51 

4 5 



1 

j Total number 
! of teeth 

1 

Percentage 

Extent of gabies 


Average 

canea 

figure 


of teeth 
canons 

1 

1 

o 

3 

‘ ! 

4 

Deciduous -1 

' F 14 253 

1 

no 

1 

644 

573 

322 j 

226 

! 

0 25 

1 

, il 24 417 

10 8 

869 

881 

424 ; 

368 

0 21 

Permanent 

1 P 26 822 

39 

727 

ISO 

82 

63 

0 06 


1 M 112 857 

41 

3,298 

819 

^ 311 

211 

i 

0 06 


Table HI 


Dental canes tn rural and urban children, Delhi Promnce 


1 

4pe 

Rora! | 
or 

urban 

i 


( 

Xnmber 

of 

children. 

i 

Percent- i 
age firee 
from 
canes 

1 Deciduoos teeth 

i 

PEBJtAirENT TEETH | 

! 

1 

Alt TEETH 
PEROENTAQE 
CAHIOHS 

i 

) 

1. 

! Number 

1 Percentage 
! canons 

Number 

Percentage 
canons ’ 

Delhi* 

All 

5l 

E 

2 

100-0 

40 

1 

00 


1 

! 



1 

V 

12 

68 3 

j 260 

1 14 1 




1 

6 

E 

64 

685 

1,024 

1 35 

, 254 

31 

35 

41 


u 

69 

, 49 2 

1,643 

, 11 9 

\ 

388 

14 

98 ' 

92 

71 

' R 

128 

' 57 0 

j 2,007 

66 

1053 

30 

54 

44 

1 

D 

170 

{ 36 0 

1 2,739 

13 2 

1 330 

30 

' 99 

98 

aj 

R 

145 

’ 53 1 

j 1 830 

69 

1,612 

29 

‘ o 1 

59 

( 

1 D 

1 

J. 5m 

151 

t 26 4 

! 

1 994 

1 

1 16 2 

1 

1 646 

40 

10-7 

10 3 


3 
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Table AT 


Dental canes in Anglo-Indian and Indian children (Nilgins) 


\ 

1 

Age j 

1 

An^ 

1 

Number 

of 

chiidien 

Percent- 
age &ee - 
ftom 
canes | 

Drcmooua teeth 

Pekicaxest teeth 

All teeth 
percentage 
canons. 

and 

Indian 

children 

Jf amber 

Perceatage 

canooa. 

1 Number | 

Percentage 

canons. 

1 

A.I 


1 

1 

29 

241 

19 i 


12 6 

M 

L 

lo 

46 0 

232 

90 

94 1 


63 


A.I 

8 

37 5 

114 

6 1 

76 

78 

68 

1 

L 

22 

40-0 

333 

12 6 

102 

1 5 

83 


A,I 

8 

, 12 5 

70 

28 5 

122 

8 1 

16 6 

H 

L 

13 

' 26 6 

X 

170 

20-5 

194 

1 25 

10 9 

inS 

JLL 

13 

1 15 4 

I 

91 1 

25 2 

187 

! 

112 

10 1 

L 

25 

23 0 

170 1 

20-6 

429 

1 52 

1 

101 

iiJ 

A.I 

13 

30-7 

26 ! 

! 23 0 

296 

, 77 

90 


L 

U 

31 8 

192 1 

' 27 6 

936 

73 

10 8 


A.I 

31 

, 25 8 

105 

12 3 

1 744 

1 67 

74 

u\ 

L 

85 

435 

207 

11 1 

2 046 

61 

65 


A.L 

29 

10-3 

10 

70-0 

780 

73 

10 6 

13 i 

L 

SO 

46-2 

45 

110 

2,174 

48 

48 


A.L 

33 

30 3 

8 


' 910 

9 1 

00 


L 

84 

547 

i 

21 


2,388 

41 

42 

15^ 

A.L 

35 

114 



1 976 

10 6 

10 5 

15^ 

L 

59 

40 1 



1,647 

i 

43 

ibJ 

A.L 

25 

12 0 



706 

1 118 

11 8 


L 

90 

, 43 3 



2,549 

‘ 59 

59 

17 1 

A L 

29 

1 69 



750 

, 11 6 

11 6 

[ , L 

1 

71 

^ 53 5 

1 


1 

2 075 

1 51 

I 

51 


! i 

j Total number 1 
1 of teeth. 1 

Percentage 
of teeth 
canons. 

ExXEOT of CAKIE3 ] 

. . 1 

I 

1 Average 
i canes 

1 figure 

mm 

2 



Deciduous ^ 

i 

479 

17 3 

23 

31 

1 

16 

1 1 

11 

0-37 

1 L 

1,413 

11 1 

70 1 

91 

53 

39 

041 

Permanent j ^ t 

5 566 

95 

1 271 

141 

62 

58 

O' 17 


14.763 

1 

5 1 

' 480 

1 

164 

59 

46 

0-03 
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Discussion op results 

The percentage of all children free from canes was 44 5 (Table I) King (1940) 
gives the follo^vlng figures for the percentage of children free from caries in London, 
Sheffield, and Lewis (an island off the noith-west coast of Scotland) These may 
be compared wth the Indian figure — 


London 

1 9 

Sheffield 

26 

Lewis (rural) 

281 

Lews (urban) 

20 

India 

44 6 


The age groups concerned are approximately comparable m each case Tlie 
incidence of canes m Indian children was much lower than that recorded m children 
in the Umted States (Day and Sedwick, 1936) The results of the present investi- 
gation thus support earlier impressions about dental caries m India More caries 
was present m deciduous than m permanent teeth, which explains the higher 
incidence m children aged 6 to 9 As regards deciduous teeth, the extent of canes 
was somewhat greater in girls than m boys (Table II) The proportion of the sexes 
in the various groups, including the Anglo-Indian school, was approximately the 
same, so that the shghtly higher incidence of canes m deciduous teeth m girls does 
not invahdate comparison of the general incidence in aU children m the differeut 
groups 

The incidence of caries was consistently higher in urban than m rural children 
in aU age groups (Table III) A much more pronoimced difference, to the advantage 
of rural chddren, was noted by Kin g {loc cit ) in Lewis A considerable proportion 
of children in Delhi City aie, however, children who have spent some of theearher 
years of hfe m rural areas Some children come from surrounding country areas 
to attend schools in the city Many of them were children of workers in the Govern- 
ment of India Secretariat, who come from different parts of the country Some of 
these famihes may have been resident in Delhi for only a few years A higher 
incidence of caries in urban than in rural children was observed in rice-eating as 
well as m wheat-eating areas Here again a fan percentage of children of rural 
origm were included m the urban group 

Wheat-eatmg children (Table IV) had less caries than rice-eating children 
The difference was evident in all the age groups except 7 and 8, m which the 
number of rice-eaters was small 

An attempt was made to grade the children in Delhi and Coimbatore schools 
into different economic groups, by obtaming information from the school an o 
rities, and m some instances from the child itself, about the pay and occupa ion 
of parents The data obtamed were probably not very accurate in some cases^ 
No consistent difference in the incidence in children included m the 
was observed (Table V) It is to be observed that the majority of cbnar 
belonged to famihes of low economic status 

The Anglo-Indian children m the Nilgiris showed a higher incidence o 
of permanent teeth than any other group (Table VI) The average caries 



K L Slioufle 


719 


for permanent and deciduous teetk in tkese children, Indian day school children 
m the Ndgiris, and all Indian children, were as follows — 



i Deoiduons 

j Permanent 

All teeth 

Anglo Indian children, Nilgins 

! 0 37 

' 0 17 

010 

Indian childrei!, Hfllgma 

, 0 41 

0 08 

010 

All Indian children 

0 23 

0 06 i 

0 00 


The average canes figure in the Anglo-Indian children was thus about double 
the general average for all teeth, while for permanent teeth, it was about three times 
the general average and double the figure for Indian children in the Nilgiris, who 
showed the highest mcidence among Indian children The Nilgms Indian children 
had actually more canes m the deciduous teeth than the Anglo-Indian children 
The percentage of children free from canes m the orphanage was only 17 6, as 
compared with 44 5 for all the Indian children and 45 7 for Indian children m 
Coonoor The number of pronounced canties m the teeth of the boarding school 
children iras greater than m all other groups Of permanent teeth, 2 2 per cent 
showed degrees 3 and 4 as compared with 0 7 per cent m Indian children in the 
same distnct, and 0 4m the whole Indian group 

For the sake of brevity, the mcidence of caries m the Kurnool distnct, m 
which the staple cereals are uuUet and nee, is not recorded separately It 
corresponded approximately to that obtammg m the wheat-eatmg children 
Dental fluorosis was very common in this area and it is proposed to consider 
the relation between canes and ‘ mottled enamel ’ m a later commumcation 

Few bleeding gums were seeu, and spongy gums were rare The presence 
or absence of gross hypoplasia was nob recorded, but it can be defimtely stated 
that this condition was uncommon In general the teeth surfaces in Indian 
children are smooth and regular 

The majonty of the rural nheat-eatmg children included in the 
investigation were resident m the Najafgarh district, Delhi Pronnee, m which 
diet surveys have already been earned out (Shoune, 1939) IVhile the most 
important cereal m this area is whole wheat, consumed m the form of unleavened 
cakes or ‘ chapattis ’, millet {Penmsetmn typkoideum) is also consumed to a 
coi^derable extent Intake of nuik products is fairly high, the following 
daily intake per consumption unit haiung been recorded m a group of culti” 
\atora (Shoune, loc cU) ~ 


Milk and butter-milk 
Ghee 


Oz 
14 0 
05 


coutamed fairly large quantities of pulses (3 oz to 5 oz daily) but 
mtake of vegetables was low and that of fruit neghgible Little meat 


was 
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included in, tiie diet No diet surveys have been made in Delhi City Here also 
the diet is based on whole wheat and contams tthIIt m fairly abundant amounts 

In the nce-eatmg groups the diet consumed was of the type often described 
in previous co mm u ni cations from the Laboratories In a typical poor nee diet, 
rice supphes 80 to 90 per cent of total calories Intake of pulses is usually in 
the neighbourhood of 1 oz , of non-leafy vegetables, 2 oz to 6 oz , of vegetable 
oil, less than 1 oz Leafy vegetables are taken m small quantities wlule the 
consumption of milk is usually neghgible Consumption of meat, fish and eggs 
does not often exceed 1 5 oz , and as a rule not even this amount is eaten 
Frmt IS a rare ingredient m the diet In the miUet-eatmg area the diet 
resembled the poor nce-eater’s diet in its content of non-cereal foods, the mam 
difference bemg the replacement of nee by millet {Soighum vulgare) Precise 
data about mtake of refined or unrefined sugar cannot be given It can, 
however, be assumed that the vast majority of children mcluded m the 
survey consumed sugar m amounts far below those consumed by the average 
European and American children 

Certam conclusions with regard to diet, and dental caries may be drawn from 
the investigation The consumption of nee diets poor m most of the unportant 
vitamins mcludmg vitamin D, and m calcium, and generally very deficient by 
European standards, is compatible with relative freedom from dental caries 
Again the diet of the Indian child, whatever the staple cereal, contains few 
‘ hard ’ foods which require vigorous chewing Rice diets are particularly soft 
and pappy The mvestigation thus gives no support to the fanuhar theory 
that dental decay is caused by the excessive consumption of soft ‘ over-cooked 
foods 


Oral hygiene was conspicuous by its absence m the Indian children Poor 
children m India do not clean their teeth The fact that there is no relation 
between oral hygiene and caries is now generally recognized 


The possible idle of vitamin D deficiency m causmg dental decay has been 
the subject of much discussion and mvestigation durmg recent years The 
generally low mcidence of dental caries m India is compatible with the vitaimn D 
deficiency hypothesis, smee m countries bordermg on, or m, the tropics more 
vitannn D is supphed by the action of sunhght on the skm than m the 
temperate zones On the other hand, less caries was observed m Delhi m 
latitude 28° than m Madras at latitude 12° It is well known that rickets 
and osteomalacia are more common m North than m South India Taylor an 
Day {loc cit ) observed a low mcidence of caries m children showing chmea 
evidence of rickets m the Northern Punjab Little evidence of gross ric e^ 
was, however, observed m the course of the present mvestigation amonj. 


children m Delhi City or Delhi Provmce 

The relatively higher mcidence of caries m the Anglo-Indian jj 

matter of considerable mterest Most of the children m the orphanage a 
resident there smee early childhood Judged by the usual standards, e 
this institution was a good one, in certam respects superior to ® 
eatmg Indian children and m nearly every respect superior to tha o 
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I 

groups The expenditure on food was Ea 8 to Es 9 per child per month, which 
allows a varied diet to be supphed The chief cereal food of the children, at the 
time of the dental exammations, was bread made from refined wheat flour, the 
daily ration of which was 12 oz Under-milled whe^t m small quantities was 
consumed as a breakfast porridge and small amounts of nee and dhal were also 
supphed The allowance of milk products was the hberal one of one pmt of whole 
milk and h oz of butter per child daily The daily diet also included about 4 oz 
of potato^ and about 12 oz of other vegetables and frmts The vegetable ration 
included a fair proportion of green leafy vegetables Meat mtake was about 2 oz , 
possibly a httle less Consumption of sugar was not less than 2 oz per child daily, 
which included molasses given at supper time to spread on the bread The children 
also had the opportumty of buying si\ eets in the school shop once a week up to the 
amount of then weekly pocket money of 4 annas The amount of sugar so obtamed 
cannot be estimated , probably in the case of certain children fond of sweets, it was 
not inconsiderable 

The above diet would be regarded as satisfactory m any children’s chantable 
institution m England Some allowance must be made for kitchen leakages, 
but the home is a well-managed one and these were probably cut down 
to a rmnuuum The general health of the children was good and their growth rate 
satisfactory They were accustomed to spend plenty of time m the open air, with 
bare arms and legs, and there is no reason to suppose that the amount of vitamm D 
obtained by the action of the sun was less than in the case of the Indian 
children m Coonoor (Table VI) who showed a lower canes incidence in the 
permanent teeth Actually the Coonoor day school children, without organized 
games, dnll, walks, etc would receive less direct sunhght than the children m 
the orphanage 

No defimte reason can be assigned for the greater amount of canes among the 
xlnglo-Indian children, and the same may be said of the relatively higher mcidence 
in Indian children m the Nilgms, as compared with other Indian children As 
regards the Anglo-Indian children, however, attention may be drawn to the high 
intake of sugar, which was much lugher than m the other groups, and to the consi- 
derable quantities of white bread consumed. We know that m countnes m which 
the incidence of dental caries is high, these two foods bulk largely m the diet 

It 18 clear that at the present time dental canes is not a problem of maior 
pubhc health importance m India Nearly half the children showed no canes at 
all, and severe decay calhng for dental treatment was rare — at any rate m 
comparison with the state of affairs in Northern Europe and Amenca Smce m 
general the standards of health and nutntion of children in Indian schools are 
inferior to those of European and American children, it is of mterest to note that 
they ha\e the advantage at this particular pomt 


SusiauRY 

1 The extent of dental canes in 6,866 children aged 6 to 18 in vauous parts of 
India has been studied 
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2 The percentage free from canes was recorded as 44 6, a much higher 
percentage than that observed in England and USA 

3 The incidence of canes in deciduous teeth was higher in girls than 
m boys 

4 Urban children in all age groups showed more caries than rural children 
Wheat-eaters had a shght advantage over rice-eaters No correlation betiveen 
income and the extent of caries was observed 

5 The highest incidence m permanent teeth was observed in an Anglo-Indian 
orphanage, where the diet was in many respects superior to that consumed by the 
Indian children investigated, but included bread made from refined wheat flour 
and fairly large quantities of sugar 
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STUDIES IN THE VITAL CAPACITY OF BOMBAY 
MEDICAL STUDENTS 

Part I 

STATISTICAL COBBELATION WITH PHYSICAL MEASUREBIENTS * 

BY 

D M TELANG, 

AND 

G A BHAGWAT 

[From the Physiological Laboratory, Grant Medical College, Bombay) 

[Received for pubkcatioo, April 28 1941 ] 

The Vital capacity of the lungs represents the niannium range of the 
inspiratory and expiratory mechamams of an individual and is gauged by the 
volume of air forced out by lum by a maximum expiratory effort after a maximum 
inspiratory effort 

The scientific study of vital capacity may be said to have commenced with 
Hutchinson (1846, quoted by hlyers, 1925) who devised his special instrument 
for the purpose — the spirometer In his extensive work m this field he observed 
the wide variations of this measure in apparently healthy individuals and he came 
to the conclusion that this could only be due to the variations in the physical builds 
of persons He correlated the vital capacity with the vanous physical measure- 
ments and established the ‘ norms ’ of vital capacity for persons of different heights, 
etc The deviations from these in the apparently healthy he associated with their 
relative unfit condition and poor physique and in the unhealthy with their diseases, 
especially those of the respiratory system He, however, said that chest measure- 
ments bore no relationship to vutal capacity 

The work that followed Hutchinson’s broadly confirmed most of his findin<fs 
Attempts were made to establish the normal standards of vital capacity both for 
males and females especially on the Continent of Europe by Simon (1848), 

* Paper read before the Phvaiology Section of the Indian Science Congress 1941 
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Fabius (1853), Scbneevogl (1854) and Arnold (1855) (all quoted by Myers, loc cil ) 
Interest was again renewed in this question by Bohr’s (1907, quoted by Myers, 
loc at ) work in Copenhagen and by that carried out at Oxford in England by 
Schuster (1911) who studied it from the anthropometric aspect In America 
Peabody and Wentworth (1917) studied the question from the standpoint of disease 

Dunng the Great War of 1914—18 several tests were devised both m England 
(Dreyer, 1919 , Flack, 1921) and in America (Schneider, 1920, quoted by Myers, 
loc at ) for assessmg the physical fitness and efficiency of individuals for the 
purposes of recrmtment to the various mihtary services 

The determination of the vital capacity was one of the tests used for recruit- 
ment to the Royal Air Force A good many of these tests were also done on the 
civil population, on men, women and children 

Investigations on the vital capacity standards in other countries followed 
soon after , on the Chmese by Foster and Hseigh (1923) and McCioy (1927), on the 
Phihppinos by Myers (loc at ) and others, and on the Japanese by Satake 
and Sato (1938) 

In India observations on vital capacity have been recorded by Bhatia (1929), 
Mason (1932), Krishnan and Vareed (1932, 1933) and De and De (1939) 

Actual estabbshment of standards for normal individuals necessitated the 
working out of quantitative correlation between vital capacity and the various 
physical measurements including age Difterent statistical methods have been 
used by different workers for this purpose 

Hutchinson (loc at ) himself pomted out a defimte correlation between vital 
capacity and standing height, weight and age Fabius {loc at ) thought stem 
length or sittmg height to be more mtunately correlated with vital capacity than 
standing height Arnold {loc at ) stressed the relation between vital capacity and 
chest circumference as well as chest expansion and beheved the constant difference 
existmg m the results on males and females to be due to these factors 


Schuster {loc at ) published correlation coefficients between vital capacity, 
standmg height and weight Lundsgaard and van Slyke (1918, quoted by 
Jackson and Lees, 1929) attempted correlation between vital capacity and various 
trunk measurements Dreyer (1919) by careful observation on 16 subjects of 
ages between 13 and 52 evolved a set of power formulae correlating vital capacity 
with each of the following measurements, viz standing height, stem or sitting height, 
weight, and chest circumference He also argued that stem (sittmg) height was 
a better mdex of vital capacity than standing height and that power forimiw 
better fitted the observed data than the hnear relations of Hutchinson West 
(1920) observed the best correlation between vital capacity and the body surface 

. 1 -1 I vlfciii cupflc ^^y ftpfl 

area as calculated from Dubois's formula and gave ratios 

-^vluch could be used as normal standards His conclusions, especially 

surface area 

those regarding surface area, were supported particularly by ^erican 
gators Cripps, Greenwood and Hewbold (1923) worl^g on Flack s ( ' 

data on Royal Air Force recrmts observed that multiple hnear regression q 
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more acotirately measured tke relationship between vital capacity and the 
other measurements than Dreyer’s power formula The latter were also 
cnticized by Mumford and Young (1923) Hewlett and Jackson (1922) calculated 
the correlation coefficients and the regression equations correlating vital capacity 
with height, weight and surface area Jackson and Lees (Joe cit ) from observations 
on 100 selected university students also computed correlation coefficients and 
ratios between vital capacity and various measurements McCloy {Joe at ) working 
on the Chinese got the best correlation between vital capacity and surface area 

In India the only statistical work on the vital capacity of Indians that we 
could trace m the hteratuxe available was that by Mason (1932) on South Indian 
females She has correlated vital capacity with standmg height, weight and 
surface area and has devised Imear regression equations between them separately 
She has also published the calculated regression hnes for these 

No work, however, of a statistical nature on males seems to have as yet been 
undertaken m ineba "With this object of mvestigating the correlation between 
vital capacity and other physical measurements by statistical methods and of 
constructing if possible smtable prediction formnlee we have collected, analysed 
and computed data based on the measurements of 172 apparently healthy male 
medical students of Bombay 


Methods 


Subjects — The subjects were all apparently fit and healthy male students m 
their first and second years of medical studies All who gave a recent history of any 
illness, senous or tniual, were rejected Those who gave a past history of any 
respiratory disorder such as pleurisy, asthma, hsemoptysis, etc , were also excluded 
But for these the selection of cases was at random Most of the students belonged 
to the Bombay Presidency, only a few hading from outside All rehgions were 
represented Hence the racial or regional factor could not be considered in the 
analysis 

General — The observations were earned out between August 1939 and July 
1940 The temperature of the room vaned from 80 6°F to 87°F Students 
were examined either between 11am and 12-30 pm or between 3pm and 
4-30 p m and at least three hours after any sort of meal or refreshment Sleep 
durmg the preceding mght and habits regardmg diets, exercise and smokmo- were 
inquired mto ° 

Measurements — ’The actual measurements were taken accordino' to the 
following procedure — ° 


Age — ^The age was recorded m complete years 


Standing height —This was taken without shoes on a special platform to which 
a ve^cal measurmg rod, marked both m English and metric scale, was fixed The 
height was recorded m centimetres to the nearest quarter of a cm 


Sitting height (stem length) —This was taken by seatmg the subject on a low 
stool, about 20 inches high, to which was fixed a measurmg rod marked m 
metao scale The snbjeet less made to lies taa tae«, mil Si lod to ,,' 
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erect against tJie scale The sitting height was also recorded in centimetres to the 
nearest quarter of a cm 

'Weight — This was taken with only the slnrt and trousers on The machine 
used Avas a lever machine from Messrs Baird and Tatlock, Ltd , London The 
weight was observed m pounds to the nearest half pound and then converted 
into kilograms to the nearest quartei of a kg 

Surface area (Dubois, 1924) —This was recorded in sq m by reference to the 
nomogram prepared by Boothby and Sandiford and based on Dubois’s formula 

Surface area (Dreyer, 1912-13, quoted by Dubois, loc at) —This was cal- 
culated from Dreyer’s formula, viz surface area = (weight)® X 0 1231 

Ghest measui emeiils — These Avere taken on bare chests at the level of the nipples 
with a tape marked in inches Tlie subjects were made to stand Avith arms hanging 
by the side The measurements were in inches to the nearest quarter of an inch 
later converted into centimetres to the nearest quarter of a cm The inflated chest 
circumference was taken in the position of maximum luspiration and the deflated 
chest circumfeience in that of maximum expiration The mean between the two 
readings gave the mean chest ciicumfeieme, while their difference measured the 
chest expansion 

Trunk area — Two special measurements were calculated to represent 
approximately tlie real trunk area The fiist approximation was made by 
taking the product of sitting height X mean chest circumference and the second 
by takmg the product of sitting heiglit X inflated chest ciroumference, both 
calculated in sq cm 


Pehdisi — von Pirquet’s (1922, quoted by Mason, 1931) nutritional index was 

. ■ ■ 

calculated from his formula, nutritional mdex = g^tin^lMigh tTcmT ^ 

Vital capacity — For this determination a wet type of chain compensated 
spirometer cahbrated in c c as supphed by Messrs C F Palmer, Ltd , London, 
was used The subject was instructed previously to take the deepest possible 
inspiration and then to make a maximum possible effort to expel out the air into 
the spirometer through a glass mouthpiece connected to the rubber-tubmg of the 
spirometer The subject was always standing while undergoing the test and the 
best of three efforts was recorded in each case 


Statistical methods —The data obtained by the above methods were tabidated 
and the means, standard deiaations and coefhcients of variation with their pro a c 
errors worked out for each measurement Information regarding the distnbu ion 
of the samples was thus obtamable We next computed by means of tab es ic 
correlation coefficients and the correlation ratios Avith their probable errors be we 
vital capacity on the one hand and each of the other measurements on t e o 
We could thus determine whether the association between intal capacity _ 
other measurements was significant or not and, if significant, whether the ^ 
ship was hnear In those cases where a significant relationship was noticea 
calculated and observed regression bnes were draAvn and the regression eq 
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constructed Finally from these the prediction lines for vital capacity for males 
Tvere drawn against each of these measurements 

The methods followed in all these computations were those given by Pearl 
(1930) The fornuda for the probable error of the correlation ratio however 
which has not been given in Pearls boob was taken from Dunn’s (1929) 
article on ‘ Statistical Methods in Phvsiology ’ 

Results 

The actual data obtained on 172 subjects are recorded in Table I 

The ran<»e of each measurement as also the nature of its distribution as given 
by the mean, the standard deviation, and the coefficient of lanation with then 
probable errors are given m Table II 

The following points may be noted in these two tables 

The age range of our subjects is a small one — that of young adults between 18 
and 29 years with a peak at 21 as shown m Graph 1 

On the whole the distnbution of the measurements seems to be fairly 
normal as can he gauged from their means and standard deviations 

The coefficient of vanation ranged from 3 63 for standing height to 19 08 for 
chest expansion The least vanable measurements were the standing and the 
sitting height, then came the chest measurements, while weight and vital capacity 
showed a comparatively greater vanation The coefficient of vanation for vital 
capacity was 15 97 

Sittmg height was equally variable as standing height and not more so as 
has been declared (Cnpps et al , loc cit ) 

Weight was more variable than surface area, while chest measurementa were 
less so 

The mean vital capacity m the subjects studied was 2,950 c c 

The surface area of the body as calculated by Dreyer’s formula mvanably 
gave higher figures than those obtamed from Dubois’s formula 

The correlation coefficients and correlation ratios of vital capacity against the 
other measurements are given m Table III The measurements are tabulated 
in descending order of correlation obtamed The test for kneanty as shown 

by > 1 “ — *•' m each case is also included m the same table The regression hues 
observed and calculated, are shown m Graphs 2 to Id ’ 

The following pomts m Table III and the regression hues may be stressed 

The relationship of vital capacity with age and Pehdisi is insignificant but 
it is significantly correlated with all the other measurements to a oxeater or 
lesser degree ° 

The most significant correlation is with the trunk area calculated as the nroduet 
of sittmg height and mflated chest circumference, while closely on its heel follows 
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that with the sitting height Next follow the correlation with standing height, 
trunk area (sitting height x mean chest circumference), surface area (Dubois)^ 
inflated chest cirouinference, weight, and chest expansion in that order The 
relationship with mean chest circumference, surface area (Dreyer), and deflated 
chest circumference which follow these is rather poor though not insignificant 



Age In years. 


Graph 1 — ^Age diatnbution of caaea (total 172) 


The figures for the correlation ratios follow closely those of the correspondiDo 
coefficients except m the case of age and Pehdisi 

The hneanty test apphed accordmg to Blakeman’s (1905, quoted by Pearl, 
loc oU ) cntenon suggests that the relationship is Imear m all the cases 

The regression equations of vital capacity m terms of the other 
with which it IS significantly correlated are given m Table IV and 
Unes for vital capacity constructed from these equations in Graphs 15 o 
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Graph 12 


Chest expansion^ cm. 

Graph 13. 



Graph 14 



Pelidisi index. 

Gbaphs 10 to 14 — Calculated (oontmuoua linn) and observed (interrupted hue) regression I^ncs f 
vital capacity on the vanoug measurements, 
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Surface area (Dreyer),) sq m. InHated chest, cm 

Geaphs 15 to 20 —Prediction lines of ntal capacity on the vanons measarementa 
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Graph 21 
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Graph 


29 




Deflated chest, cm. 

Graph 23 


Mean chest, cm. 

Graph 24 



Graph 2C 


chest)y sq. cm. 



Trunk area (sitting height X inflated 
chest), sq. cm 

Graphs 21 to 26 — Prediction hnes of vital capacity pn the various mcasurtuicuts 
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Conclusions and discussion 

A comparative table of certam aspects of vital capacity figures obtained by 
Indian workers is given m Table V A ainular companson showing the results 
of other mvestigators including observations on the Chmese, the Japanese, the 
English, and the American subjects is given m Table VI Table VII shows a 
proportional companson between the average Indian and the average non-Indian 
figures for vital capacity and Table VIII a comparison between the standing 
heights and body surface areas of Indians and non-Indians The pomts that 
emerge from a study of all these and of the data presented by us m this paper 
foUow 

It wiU be seen that the results obtamed on vital capacity by the different 
Indian workers at Bombay, Madras and Calcutta are nearly equal The highest 
average figure of 3,096 c c was obtained by Bhatia in Bombay but the age range 
of his subjects was wider, via 20 to 45 years Besides, possibly m his case, a d^ 
type of spirometer may have been used The age range of all the other subjects 
IS practically the same 

The vital capacity figures for Calcutta as observed by De and De {loc cit ) are 
rather lower than those of Madras or Bombay 

Compared with the vital capacity figures for the Chmese, the Japanese, the 
English or the American the Indian figures are all distmctly lower The average 
Indian figure is 93 per cent of the Chinese, 78 per cent of the Japanese, 68 per cent 
of the average English and 65 per cent of the average Amencan figure The under- 
lying cause of this lower figure may either be racial or due to other factors such as 
climate, diet, habits, etc There is no doubt, however that the disproportionately 
higher figures for the non-Indians to a great extent might be due to most of their 
observations bemg on selected groups of subjects rather than on subjects chosen 
at random as was done by us Thus, Hutchinson’s {loc cit ) subjects were chosen 
at random and compared with his figures the Indian average is 82 per cent of the 
Enghsh average and not 68 per cent 

The vital capacity per cm of standmg height in our cases was 17 65 c o 
Amongst Indian cases it varied from 16 6 c c to 18 52 c c , the average bemg 
17 73 c c The nearest approach to this figure m the non-Indian subjects is 
that for the Chinese which is 19 6 c c The average Indian figure for this is 
91 per cent of the Chmese, 76 per cent of the Japanese, 71 per cent of the Enghsh 
and 68 per cent of the American average When random samphng is considered 
such as Hutchinson’s the average Indian figure is 84 per cent of the Enghsh instead 
of 71 per cent 

Similarly, the ntal capacity per sq m of body surface in our cases was 
1,830 c c , m the other Indian cases it ranged from 1,790 to 1,960 c c , the average 
of all bemg 1,870 c c This figure agam is 92 per cent of the Chinese, 78 per cent 
of the Japanese, 77 per cent of the English and 74 per cent of the American averaf^e 
figures Compared with Hutchinson’s figure based on random samphng the Indian 
ngure is 93 per cent instead of 77 per cent of the Enghsh figure 
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It IS remarkable to note bere tbat tbe Indian figures bowsoever compared 
witb tbe Cbinese and tbe Japanese figures, tbat is to say, wbetber tbe average 
vital capacity or vital capacity per cm of beigbt or vital capacity per sq m of 
body surface la compared, tbe Indian figure bears tbe same proportion to the 
Cbmese or tbe Japanese figure, viz nearly 92 per cent of tbe Cbmese and nearly 
78 per cent of tbe Japanese figures m all tbe three comparisons On tbe other 
band, tbe proportion of tbe Indian to tbe Engbsb or tbe American figures vanes 
accordmg to tbe method of comparison Thus, wben tbe average vital capacity 
figures are compared tbe Indian figure is 68 per cent of tbe Engbsb and only 
65 per cent of tbe American As we compare tbe vital capacity per cm of 
standmg beigbt tbe Indian figure forms 71 per cent of tbe English and 68 per cent 
of tbe correspondmg American figure and when tbe vital capacity per sq m of 
body surface is compared the Indian figure is 77 per cent of the Engbsb and 
74 per cent of tbe American figure This may be due to tbe fact tbat the 
comparatively high average vital capacity of tbe Cbmese and the Japanese is 
possibly compensated by tbeir general lower standmg beigbt and also by the 
consequent relatively larger body surface of these people when compared with that 
of tbe Indians (see Table VIII) It will be seen from Table Vm tbat while the 
average standmg beigbt of tbe Japanese and tbe Chinese is smaller than that of 
Indians tbeir body surface is practically tbe same or a bttle higher than that of 
Indians, while tbe average beigbt as well as tbe body surface of both the English 
and tbe American subjects are greater than those of Indians 

A better criterion for such comparison and of greater mterest might have been 
tbe ratio of vital capacity to sitting beigbt or of vital capacity to trunk area or 
trunk volume, but unfortunately such ratios have not been available m the 
literature, especially for tbe Cbinese and tbe Japanese 

Another equally remarkable fact which may be observed from the comparative 
Tables V and is this tbat whole in tbe case of tbe Indians, tbe Cbmese and the 
Japanese, tbat is to say amongst tbe Oriental subjects m general, tbe ratio of vital 
capacity (c c ) to body surface (sq m ) is more than hundred tunes the ratio of vital 
capacity (c c ) to standmg beigbt (cm ) it is mvanably less than hundred tunes the 
latter m tbe case of tbe Engbsb and tbe American subjects This is most probably 
tbe result of tbe fact as wall be seen from Table VIII tbat tbe standmg height (cm ) 
of tbe Indians, tbe Cbmese and tbe Japanese is more than hundred tunes the body 
surface (sq m ) figure while tbat of tbe Engbsb and tbe Amencan is less than l^clr 
times this figure We do not know wbetber this has any biological significance 
Incidentally tbe same table shows tbat tbe average beigbt and the averse o y 
surface area of tbe Orientals are much less than those of tbe Engbsb and of e 
Americans 

Notbmg can be said about tbe racial factor m vital capacity from the 
presented , 

On tbe statistical side no work has hitherto been done in India on the m 
M ason (1932) has published some work on South Indians but her subjecte were 
females It is therefore not possible for us to compare our results ^ 
with those of other Indian investigators Amongst non-Incbans statis ca 
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on vital capacity has been, published as referred to m the beginning of this paper 
Compared with the figures of those workers our correlation coefficients are rather 
low Most of these workers get the highest correlation with surface area and weight 
while we get it with height, both standing and sitting, and with the trunk areas , 
Our correlation figures with chest measurements also are not insignificant, while 
the general consensus of opmion is that the relation of vital capacity to chest,^ 
measurements is not appreciable Cnpps, Greenwood and Newbold (loc cit ) streSs 
that the method of multiple regression is more rehable for prediction amongst 
multiple vanables We have had no time to work out the multiple regressions m 
our senes a^d we hope to do so at some future day As our statistical results do 
not tally with those given by non-Indian workers we have m this paper merely 
presented our results in this respect and we do not wish to draw any conclusions 
therefrom owing to the paucity of the data 

The prediction lines (Graphs 16 to 25) may prove useful m determimng the 
normahty of the observed vital capacity of adult males 


• Summary 

1 Data are presented for the vital capacity and other physical measurements 
of 172 young, healthy, male medical students (age range 18 to 29 years) of 
Bombay 

2 Statistical distnbution constants of these measurements and their statis- 
tical correlation with vital capacity are given Most of the correlations are 
significant 

3 Regression equations of vital capacity m terms of the measurements which 
show a hnear relationship with it (viz standing height, sittmg height, weight, 
surface area, chest measurements, chest expansion and trunk areas) have been 
constructed and the prediction fines of vital capacity as calculated from these 
equations drawn 

i The data for vital capacity are compared with those of other Indian and 
non-^dian workers and the results discussed m the fight of the comparisons 
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Vital Capacity 


Table II 

Statistical distribution of data 
Number of subjects 172 Sex Male 


]\[en8uromcnt 

Range 

j 

I^lcan Jb P 

Standard deviation, 
cr±P 

Coefficient of vans 
tion, per cent ± 

C V 

Age m years 

18-29 

21 8 -t 0 0885 

1 72 ± 0 0026 

7 89 ± 0 294 

^ Standing height, cm 

149-170 75 

167 08 ±0311 

0 00 ± 0 2204 

3 03 ± 0135 

^Sitting height, cm 

70 5-05 75 

80 58 ± 0 104 

3 18 ± 0 110 

3 07 ± 0 137 

Weight, kg 

41 75-97 

55 0 ± 0 445 

8 04 ± 0 314 

16 64 ± 0 670 

/ 

Surface area (Dubois), 
sq m 

1 35-2 08 

1 000 ± 0 0003 

0 1224 ± 0 0044 

7 02 ± 0 284 

Surface area (Dreyer), 
sq m 

1 78-3 31 

22 ± 0 0120 

0 240 ± 0 0089 

11 18 ± 0 417 

Chest inflated, cm 

73 7-105 4 

85 12 ± 0 282 

j 

6 48 ± 0 190 

0 44 ± 0 240 

Chest deflated, cm 

60-97 8 

70 62 ± 0 268 

62 ± 0 189 

6 79 ± 0-253 

Chest mean, cm 

69 9-100 9 

1 

80 88 ± 0 208 

6 2 ± 0 189 

0 43 ± 0 240 

/ Chest expansion, cm 

3 8-11 6 

8 26 ± 0 0812 

1 676 ± 0 0673 

19 08 ± 0-711 

Trunk area — sitting height 

X mean chest, sq cm 

6790-9280 

0986 4 ± 30 66 

696 ± 21 66 

8 63 ± 0 318 

Trunk area — sittmg height 

X mflated cheat, sq cm 

0100-9700 

7342 ± 31 60 

614 ± 22 33 

8 30 ± 0 312 

Pehdisi (von Pirquet 
mdex) 

86 3-107 8 

96 22 ± 0 222 

4 32 ± 0-167 

4 64 ± 0-109 

yVital capacity (litres) 

1 96-4 3 

2 949 ± 0 0242 

0 471 ± 0 0171 

16 97 ± 0 OOj 
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Table III 


Statistical correlation of vital cafacily and other measurements 


Correlated data j 

Correlation coefficient 
r ± P 

Correlation ratio, 

.,±PP„ 


Fi(al capacity and — ' 




Trunk area (sittmg height i 
X inflated chest) i 

+ 0 47 ± 0 0403 

0 518 ± 0 0378 

0 0474 ± 0 021 

Sittmg height i' 

\ 

+ 0 455 + 0 041 

0 489 + 0 0394 

0-0331 ± 0 0175 

Standing height 

+ 0 44 ± 0 0417 

0 453 ± 0 0411 

0 0110 ± 0 0107 

t 

Trunk area {sitting height 
y mean chest) ' 

1 

+ 0 413 ± 0 0429 

0 40 ± 0 0393 

0 0695 ± 0 0248 

Surface area (Dubois) 

+ 0 395 ± 0 0437 

0-449 ± 0-0413 

0 0465 ± 0 0205 

( 

Chest circumference inflated ' 

t 

+ 0 369 a: 0 0447 

0 413 ± 0 0429 

0 0344 ± 0-018 

1 

Weiglit * 

1 

+ 0 352 ± 0 0453 

0 425 ± 0 0424 

0 0567 ± 0-0226 

Chest expansion 

+ 0 335 + 0 0459 

0 386 ± 0 0441 

0 036 ± 0 0184 

Cheat circumference mean 

1 + 0 314 ± 0-0466 

0 387 ± 0 044 

0 0611 ± 0-0216 

Surface area (Dreyer) 

+ 0 307 ± 0 0469 

0-407 ± 0-0432 

0 0714 ± 0 025 

Chest circumference deflated 

+ C258 ± 0 0483 

0*358 ± 0*0451 

1 

0 0616 ± 0 0234 

Age 

- 0-018 ± 0 0517 

0 127 ± 0 0509 

0 0158 ± 0-0124 

Pelidisi 

+ 0 003 ± 0-0516 

0 237 ± 0-0488 

0 0561 ± 0-0224 
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TviiLt IV 


Regression equations of vital capucilij and other measurements 


1 

Vital capacity (litres) 

= 0 0342 

standing height, cm —2 705 

2 


11 

1 1 

= 0 0005 

sitting height, cm —2 81 

3 

tt 

1% 

11 

= 0 019 

weight, kg + 1 8930 

4 

»> 

11 

1 

= 1 617 

surface area, Dubois, sq m + 0 514 

6 


11 

1 

- 0 587 

surface area, Dreyer, sq m + 1 60 

6 

»> 

11 

11 

= 0 0317 

chest circumference mflated, cm + 0 25 

7 

11 

11 

It 

= 0 0233 

chest circumference deflated, cm -f 1 160 

8 

11 

It 

1 

= 0 0284 

chest circumference mean, cm + 0 055 

9 

11 

It 

it 

= 0 1 

chest evpansion, cm + 2 124 

10 

11 

11 

11 

= 0 00033 trunk area (sitting height, cm X mean chest ciroiimferenco, 
cm ), sq cm + 0 67 

11 

11 

It 

it 

= 0 00030 trunk area (sittmg height, cm X mflated chest oiroumferenco, 
cm ), sq cm + 0 307 






Table V 





Vital capacity figwes foi Indians 


Workers 

Number of subjects 

Age in years 

O 

O 

S 

cj 

04 

V 

Vital capacity, c c 

Standing height, cm 

Vital capacity, c c 

Surface area, Dubois, sq m 

Pronnce 

1 

Bhatia (1929) 

100 

20-46 


18 62 

1,960 

Bombsj 

2 

Krishnan and Vareed (1932) 

103 

18-29 


17 6 

1,860 

Jladns 

3 

Knshnon and Vareed (1933) 

198 

17-26 


18 6 

1,930 

It 

4 

De and De (1939) 

100 

17-23 

2,721 

10 6 

1,790 

Bengal 

5 

Telang and Bhagwat (present 

172 

18-29 


17 65 

1,830 

Bombay 


communication) 







_ 


Average 


{ 2,949 

1 

17 71 I 

1,870 

India 
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T\ble VI 


Vital cap<icilij figures for non-Indiuiis 



W orkera 
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1 
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tc 
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! O 
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-5 
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xt 
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a\ » 

3 hi i 
s'g i 

31^ ' 

>15 

Xationahty 

1 

2 

1-oster aud Hsei^^h (1923) 

Satakc and Ibato (1938) 

1 

\ 

425 

230 

Adult 

19-26 

3 180 

3 800 , 

19 50 

, 233 

1 

2,020 

i 

2.3SO 

! 

Chinese 

Japanese 

3 

Hutchinson (1846) 

1,285 


1 3,602 

f 

, > 

1 0 

! 

1 

2,010 j 

1 

1 

1 English 

4 

Schuster (1911) 

939 

18-23 

4 315 

! 24 5 

2 350 

1 

» 

5 

Dreber (1919) 

10 

13-52 

4,140 

j 24 4 

2 400 


b 

Cnpps Greenwood and 


1 (Mean) 







Xewbold (1023) 

1 238 

1 >3 92 

1 

4 509 

26 1 

2 600 

>9 

7 

Cnpps Greenwood and 


(Mean) 







2\cwbold (1923) 

950 

23 80 

4 604 

26 4 

2,600 

.. 

b 

Hobaou (quoted bv Mumford 

100 

Adult 

4 823 

26 9 

2,580 



and Young 1923) 




j 



! 

i 


1 

Fivhsh a\era„e 



4 342 

j 24 9 

2 420 

1 

1 

( 

0 

West (1020) 

, 


4 051 

26 8 

1 

! 2,610 

Amencan 

10 

Hewlett and Jackson (1922) 

400 

lS-30 

4,646 

I 20 4 

2,530 


n 

Lemon and Aloersh (1924) 

lOo 

10-70 

4 487 

26 2 

2 490 


12 

Jackson aud Lc-es (1929) 

' 100 

17-22 

4 408 

J 

!5 5 

2 550 



\mcncan 'i\cra 


4,r>t7 


2,540 
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Table VII 

Proforltonal comparison of Indian and non-Indian figures for 

vital capacilij 


Indian avekagl ioems per cent of 


i 

Chmese 
average 
(selected 
cases ?), 
per cent 

Japanese 
average 
( selected 
cases ?), 
per cent 

English 
average 
(selected 
and random 
cases 
together), 
per cent 

1 

t 

( 

1 Hutchinson’s 
average 
(random cases), 
per cent. 

1 

Amencan 
average 
(selected 
cases ?), 
per cent 

1 

1 

Vital capacity ' 

1 

03 

77 5 

68 

82 1 

j 65 

Vital capacity, c c 

Standing height, cm 

1 

76 

71 

1 

1 

1 

84 

! 1 

68 

Vital capacity, o c 1 

Surface area, Dubois, sq m , 

i 

02 

78 6 

77 

1 

03 

74 


Table VIII. 

Compai ison of standing height and body surface area 
of Indians and non-Indians 


1 


Nationality 

Avenige standing 
height, cm 

Average body 
surface area, 
Dubois, sq m 

Indian 

167 

1 68 

Chmtst 1 

1 

163 

1 57 

JaiMinesc 

163 

150 

Enghsh 

174 

1 70 

1 

American 1 

1 

I 173 6 

1 

1 70 
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SIETALLIC CONTAMINATION oF FOODSTUFFS 

Part IV 
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.\BSORPTION AND EXCRETION OF 
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BY 
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[Received for pnbhcation, Alay 12, 1841 ] 

Copper is present m aU Eviag matter JIanne animals are known to contain 
copper m considerable amounts Bodansky (1921) found copper m adult brain to 
the extent of 3 6 mg to 6 0 mg per kg Mornson and Nash (1930) showed that the 
livers of infants contain about 24 mg of copper per kdo fresh tissue, while adult 
livers contam only 4 mg Marburg and Krebs (1927) reported small but defimte 
amount of copper m human blood serum The copper content of blood has been 
studied by several workers The results of difierent workers are given in a 
tabular form by Tompsett (1934) ilost of the values for the copper content of 
100 c c of whole blood was found to he between 0 05 mg and 0 25 mg 

It has non been proved beyond doubt that copper as a supplement to iron is 
essential in the regeneration of hsemoglobm m blood The exact mechanism by 
which copper acts m biological processes is, however, not known The recent 
investigations on the copper actunty deals with copper content of different tissues, 
the change in the copper content of blood and its effect on the storage and 
utihzation of iron ° 

Copper in foods —On the hght of our present knowledge copper may be regarded 
as an essential element m nutrition and, therefore, the supply of this efement 

( 751 ) 
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in normal foodstuffs is also important The copper content of foodstuffs have 
been studied by a number of workers Greans and Anderson (1935) have 
analysed the copper content of a large number of samples of wheat, barley and 
peas and observed that copper content varied from 6 2 to 11 2 parts per 
nulhou 

Copper content of milk has received considerable attention Supplee and 
Beilis (1922) found the copper content of cow’s milk on an average to be 0 52 mg per 
litre Hess, Supplee and BeUis (1923) reported that human mdk on a mixed diet 
contain copper varying from 0 4 mg to 0 6 mg per litre Coim el al (1934) 
revieived much of the work on the copper content of milk and found it to vary 
from 0 051 to 0 132 parts per miUion 

It appears, therefore, that copper is a constant constituent of aU foodstuffs 
whether of ammal or vegetable ongm and naturally both infants and adults are 
continually mgestmg copper m their daily diet A part of the copper is absorbed 
from the alimentary canal us proved from its constant presence m urine 
Robinowitch (1933) found that the copper content of 24 hours’ urme ranges between 
traces and 0 7 mg 

Copper added to food as a result of contamination from vessels and utensils — 
The amount of copper present in natural foodstuffs is very small but may increase 
to a considerable extent as a result of contamination Brass, bronze and tinned 
brass vessels which are largely used m different parts of India are undoubtedly the 
source of contamination of food with copper Brass and bronze vessels are used 
throughout India Food and drinlcs are seived on plates and tunibleis made of 
bronze Brass vessels are used for cooking rice, dJial and vegetables m many 
houses in India Brass cups are largely used for serving tea and coffee throughout 
South India Brass vessels are the common contamers used for transport and 
distribution of milk in villages, towns and m cities Tinned brass vessels, which are 
very popular in the South, also serve as source of copper if re-tiamng is not done m 
proper time after long use 

Copper within certain limiting concentration may perform certain important 
physiological function in the body, wheieas larger quantities that enter food as a 
result of contamination may exert harmful effect on the system It is known that 
copper IS toxic in large doses Mallory and Parker (1931) have attempted to show 
that copper m food due to the use of copper vessels is the cause of the disease known 
as hmmochromatosis In a recent review on hemochromatosis Sheldon (1934) 
states that it is difficult to accept the view that the disease is produced by copper 
poisomng 

As to the toxicity of metal there still prevails an uncertainty owing to the 
contradictory evidence in the hterature There is a real need for information as to 
whether there is a minimum for the metal above which it is dangerous to p ““ 
what does the body do vith the excess Hughes (1935) suggested that some i e m e 
and unbiased opinion as to the safety limit of metals like copper and tin in o ij- 
desirable This is useful for the public as users of household metallic utensi s a i 
containers 
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lu the prebeut prehuuuary mvestigatiou attempts have been made to get an 
idea as to the amount of copper normally present in common Indian foo<lstu£Es 
and the quantity of copper that is added to the food from the vessels , to find out 
the mode of excretion of this metal from the body with difierent types of food and 
fanaliy its effect on the growth and well-being of the animals 


Experimental 

Coppei coiiletil of Indian /oodslu^s —Copper is essential m nutntion The 
dailj requirement of a normal human bemg is about 2 mg per day Darnels and 
Wnght (1934) suggest that the diet of pre-school children should contam copper 
not less than 0 1 mg per kdo body-weight Hodges and Peterson (1931) calculated 
the daily copper intake for sixteen different menus and found that the figures range 
from 0 8 mg for a child to 4 81 mg for the working man In order to find out 
whether the a%erage Indian diet supphea the daily requirement of this element, 
a knowledge as to the quantity of this metal in common foodstuffs is desirable 


Table I 


The copper content of some of the Indian foodstuffs 


(Determined by the method of Biazzo, 1926 ) 


Foodstuffs 

1 Copper as p p.ra on 

1 t&y weight basis 

1 

Foodstuffs 

Copper as p p,m on 
dry weight basis 

Milk 

T 

0->5 

Cauhflower 

4 73 

Wheat, sample I 

4 0J 

Carrot 

5 88 

Wheat sample 11 

2 71 

Brmjal 

10 64 

Bengal gram {ilhulj 

4 23 

Creen <l/ial 

12 50 

Musur Mai 

4 23 




The estimation of copper in the foodstuffs in Table I was carried out by the 
application of Biazzo’s (1926) method In the subsequent determinations the 
methoil adopted by Sylvester and Lampitt (1935) was followed The method 
IS based upon tlie quantitative extraction of copper from an acid solution by means 
of chloroform solution of diphenyl thiocarbazone After removal of chloroform 
the residue contaimng the whole of copper is digested with sulphuric acid and 
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pel chloric acid and copper is determined colonmetiically by means of sodium- 
diethyl-dithiocarbamate 

Taull II 

The copper content of some of the Imhan foodstuffs , 


(Determined by the method of Sylvester and Lampitt, 1936 ) 


Foodstuffs 

r 

1 Copper as p p m on : 
dry weight basis 

Foodstuffs 

Copper as p p m on 
dry weight basis. 

Rice, polished 

' 20 

jHusur dhul 

09 

Wheat (bazaar sample ) ^ 

i 

Beans 

72 

Bengal gram 

00 

Carrot 

1 

10 0 

1 

Horse gram 

i 10 0 

1 

C ibbago 

1 10 0 

Green dhal 

' 11 0 

Black gram 

86 

Hilk 

j 0 18 

1 

1 

^ 1 



The co:NTAiirNATiON of foodstuffs wth copper from brass and 

BRONZE VESSELS 

The effect of boiling and sto\age of milk in hass and home vessels — The amount 
of copper in uncontaminated raw milk is important from physiological pomfc ot 
view Another aspect of the problem, namely, the amount of copper added to 
nulk from the vessels and the effect it produces on the milk itself, also requires 
investigation The presence of copper in milk is known to bring about certain 
typical changes in the nnlk, especially off-flavour Guthrie, Roadhouse an 
Richardson (1931) kept thin strips of different metals in contact with sweet niilK i 
Older to find out the smtabihty of these metals for milk eqmpment 
that coppei alloys hke brass and bionze showed weight losses and jiroduced . 
flavour m the mdk Tin-plated copper was also considered unsmtable because o 
mechamcal wearmg away of the plating Hess and Unger (1921-22) ® 

that the vitamin C content of milk is greatly reduced when nidk is contoi^ ^ 
with copper Schwartze, Murphy and Gerald (1931) obse^ed that the , 

content of milk is destroyed from 80 to 90 per cent when m^ is P^^teumeO 
in copper pasteurizer for 30 minutes, while with glass or aluminium jgstruc- 

is only 20 to 40 per cent The presence of copper acts as a catalyst i 
tion of vitarmn 0 Besides these changes, the excess of copper in milk . I 
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toxic effect in the body It seemed necessary, therefore, to estimate the copper 
content of milh and nidh products boded or stored in these vessels for different 
lengths of time 

Table III 


The copper content of uiilL and curde boiled and stored m brass and 

bronze tessels 


Nature of matenal 

Treatment 

i 

\essel used j 

Time of storage 
m hours 

Copper as 
ppm 



Stored 

Brass 

4 

10 3 



Boded and stored 

1 

1 

, 10 0 

Itaw milk (100 0 c ) 



1 




! 

* 

” i 

4 

17 5 



1 . 1 


-20 

440 

IMk (100 oc) 


Stored 

Bronze 

24 

05 


/ 



24 

12 4 

Curd (50 0 c ) 

1 






1 


Brass 

24 

36 2 


From the result of Table III, it is apparent that m the process of boding or of 
transport of milk in brass containers for distribution, a quantity of copper is added 
to food matenal The extent to which milk or milk products are contaminated 
uith the metal depends on the duration of boding or of storage Prolonged storage 
of milk in brass vessels produces a bluish tint and a metallic taste and should 
always be avoided With the supenor quahty of bronze vessel used m the 
experiment the contamination of milk was only very shght 


Table IV 

The copper content of neutral foodstuffs like dhal and legetables 
cooked in brass lessels 


Foodstuffs 


Copper dissolved 
m rag 

50 g of cabbage boiled inth 

500 0 0 of 

30 

water and evaporated to 50 

C 0 

30 g musur dhal boded for 1 
250 c c of water 

hour with 

6 5 
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The result of Table IV clearly shows that neutral foods like dhal and 
vegetables when cooked even without salt in brass vessels are contaminated with 
copper to a considerable extent 


Tabll V 


C'opjjei content of foadsluffiy stored in bionze vessels of diffeienl 

composition 



Composition of bkonze in 

1 

1 Vessel 1 

Vessel 2 

C'u and Su (ns per cent) Cu and Sn 

80 20 85 15 

Noodstutfs 

Duration of 
storage (hour) 

Copper as p p m 

ililk 

0 

10 6 

13 4 

Curd 

i 

0 0 

27 6 

Rasam 

0 

lo’b 

25 8 

Orange juico 

5 

41 6 

71 25 

Grape juice 

6 

81 25 

13126 

Butter milk 

20 

41 3 

116 0 


Both the vessels employed in this experiment had been previously used m the 
household It is evident from the residts of Table V that contamination of foods 
with copper will depend largely on the composition of the ahoy used in the 
construction of the vessels This is particulaily marked with acid foods Although 
highly acid foods are rarely stored in brass or bronae vessels, the high copper 
content of rasam, grape jmce and bubter-milk stored in bronze vessels, points to 
the danger of stormg such foods in tinned brass or bronze vessels with poor tinning 
or when re-tinmng is not done in proper time 


Metabolic experiment on the absorption and excretion op copper 

IN RATS 

The type of diet is very important m determining the level of copper 
18 toxic Coulson et al (1934) suggest that the amount of c^pper assiimia 
depends on the other constituent of the diet Toxicity of the metals also fP 
on the mode of excretion of the metal from the body In the present inves ig 



N C Datta 


757 


attempts have been made to follow the excretion of copper m the urme 
and fmces of rats ivith copper added mth different diet and also from food 
coutanunated with the metal from vessels during cooking or storage Nine mg 
ot coppei as copper sulphate ivere thoroughly mixed with the wheat and 
was given to each rat in the form of nheat chapath together with 1 cc of 
butter fat Three rats used in this experiment were kept m separate metabohc 
cages made of glass The urine and fseces were collected separately Analysis 
for the copper content was earned out m every 2 days’ sample of fseces and m 
the urine collected during the course of about a week The quantity of food left 
over was carefully collected and analysed for copper and the values were 
deducted from the amount of copper added to the diet of each rat The result of 
analyses of copper excretion conducted on 3 ammals during the whole 
course of the experiment are recorded in Table VI 


TABLi: IT 

The quanlily of copper excreted in the fceces and urine of rats 
lept on wheat chapatti icith copper added 
as copper sulphate 

Rat I 


Copper exceetion rs mo 


m 2 days 

Faces m 2 days’ 
sample 

Urme 

’ 67 

035 

0 IZ in 2 days 

7 23 

5 20 

' 

700 

6-03 


9 85 

8 92 

0*34 m 8 

9-08 

750 

J 

9 90 

760 

1 

9 IS 

10 27 

1 0 20 m 0 

7 10 

3 75 

J 

Xo copper 

4 23 

1 

- 

1 20 

f 0*06 in 4- 

Total copper intake 
62 01 

Total excretion in 
faeces 59 97 

1 

Total excretion in 
urme 0 71 
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Table VI — concld 
Average of rats II and III 



COPPi.Il EXCKETION IN IHO 

Copper intake m mg 
m 2 (lays ' 

1 

1 

1 

1 

Faeces in 2 dnys 

Urine 

1 

7 75 

4 47 

0 00 in 2 days 

0 90 

)75 

' 

5 50 

4 80 

^ 0 20 m 8 „ 

13 00 

7 50 

8 0) 

11 80 

, 

1 

0 75 1 

1 

8 25 


9 50 

8 76 

0 14 m 6 , 

5 60 

8 10 j 


No copper 

3 92 

1 

> 0 09 m 4 „ 

>> *9 

1 11 

1 

Total copper intake ^ 
66 63 1 

Total excretion in 
fteces 62 45 

Total excretion in 
urine 0 52 


The result of Table VI shows that 94 to 96 per cent of copper 
as copper sulphate mixed with wheat is excreted in the fseces, f roDcer 
appeanng in the urine being only 0 8 to 1 per cent The amount ot c pp 
unaccounted for, being 3 to 4 per cent, may be retained in the body 

Investigatton on the excretion of copper added to mill —To added 

kept m separate metabohc cages were given 26 c c of milk o w i ,, , jjpd 
3 mg of copper as copper sulphate The unne and faeces wer 
analysed for copper as before 
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Ta-ble ^'1I 

The average excretion of copper tn urine and faces of 4 rats, each 
receiung 25 cc of mill to which were added 3 mg 
copper as copper sulphate 



1 

Copper intake per 
rat in mg 

j 

Copper EXOBunoN 

PEB BAT E. ua 

Days 

Ficcea 1 

Unne 

lab 

' 30 

0-40 

0 0-2 

2n(l 

' 30 

1 24 , 

0 02 

3rd and 4th 

60 

4 65 

0 035 

ath and 6th 

1 1 
j 60 

4 02 

0 04 

7th to 10th 

Xo copper 

5 77 

0-072 


! ■ 

Total copper intake 

18 0 

Total excretion in 
teces 19 98 

Total excretion in 
iinne 0 187 


94 5 per cent of the added copper ■sras excreted in the fseces and only about 
1 per cent m the unne Three to four per cent of the copper remained unaccounted 
for as m the previous case 

Investigation on the excretion of copper in rat lept on mill stored in brass vessels — 
Fresh imlk 'was boiled m a brass vessel and then stored m the same vessel for about 
24 hours Thirty c c of the stored milk was then given to each of the 4 rats kept 
m separate metabohc cages made of glass Urme and fseces were collected as usual 
and analysed for copper The results are included m Table VIII — 


Table Vm 


The average excretion of copper in unite and faces of 4 rats 
Each rat was given 30 cc of mill boded and 
stored in a brass vessel 


Days 


Copper intake per 
rat in m" 


CopPEa JJXCEETIOV PEB HAT C, JIG 


Faeces 


Iinne 


-llii to 4 5 97 J or 


4th 

Xo copper 

3 41 1 

1 

0-17 


Total copper intake 

1 10 4 

1 Total excretion m 
^ faeces 9 38 

Total excretion in 
■anna 0 17 
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About 90 per cent of the copper from contaminated milk ivas excreted in tlie 
faeces and only 1 66 per cent appeared m tlie unne The amount retamed ui the 
body may be from G to 7 per cent The results indicate a slightly higher excretion 
in the urine and increased retention in the body as compared with the result of 
Table VII, where copper is added to the milk as copper sulphate The difference 
though slight may be explained by the fact that copper sulphate added to milk is 
precipitated as copper albuuunate, whereas in the case of contaminated nulk there 
13 no visible precipitation and hence the metal may remain in a form in which it is 
more available for absorption This ]ioint requires further investigation 

The toxic effect of copper ai) determined by the growth of animals — Copper in 
moderate doses produces no ill effect but is highly toxic in large doses We have 
no defimte knowledge as to the limit of copper in foodstuffs beyond which it is 
toxic In determimng the harmful effect of copper in foods, the nature and the 
constituents of the diet play an important part Waddell, Steenboch and 
Hart (1931) observed that 4 mg of copper as copper sidphate given to each rat 
daily along with milk proves injurious but the same quantity when given along 
with mixed cbet, the animals grow normally The present studies are only a 
preliminary attempt to get an idea as to the hunting value for copper in foods 
beyond which it may prove toxic 

Young albino rats weighing about 35 g to 45 g were chvided into three 
groups Each rat was given wheat chapalU and 10 c c miUr Eour mg , 6 mg 
and 9 mg of copper as copper sulphate were added to the milk and given to 
each of the rats placed in groups I, II and III respectively A number of 
ammals were kept as a control without any copper added to the milk 

Table IX 


Growth of rats during 60 days of experiment, with different levels of 
copper as copper sulphate added to milk 


Group 

Copper given > 
1 to each rat j 
m mg 

Number of 
rats 

1 

1 

Sex 

Avebaoe 

i 

Origmal 

WEIGHT IN 

Final 

OBAiOIES 

Increase 

i 

! 

8 

1 

1 

cT 


1 

71 

I 

‘ 1 

4 

? 

1 

38 

1 

05 

57 

1 

n 

0 ! 

10 


40 i 

90 

50 

rn 

9 

0 

O' 

42 I 

92 

50 

) 

1 


1 

16 

tf 

44 j 

118 

74 

Control 

Nil J : 

1 

1 

4 

? 

38 j 

99 

01 
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The results of Table IX clearly show that the growth of rats of group I do nob 
differ significantly from those of the controls , the animals appeared quite normal 
and active The animals of groups II and III (given 6 mg and 9 mg of copper as 
copper sulphate along with milk) grew at a distmctly lower rate than the controls 
The rats appeared less active , the hair coat shghtly pigmented and coarse as com- 
pared to those of the controls which were smooth and perfectly white 

Discussion 

Small quantities of copper are present m natural foodstuffs Large quantities 
may, however, gain access to the food as a result of contammation from brass, 
bronze and tinned brass vessels which are extensively used throughout India 
The extent of contamination of foodstuffs from vessels wiU depend on the nature 
of the food, the tune of exposure of the metal to the food and to a large extent on 
the composition of metals or alloys used m the construction of vessels Whether 
the quantities of copper that are added to the food from the vessels exert any 
harmful effect on those who consume it stdl remains an unsolved problem It is 
evident from the results of metabohc experiments on copper in rats as shown m 
Tables VI and VII that 94 to 96 per cent of copper added eithei to wheat or to milk 
IS excreted in the fseces but only a very small part is absorbed as indicated by 
the presence of shght but constant quantity of copper in unne The amount of 
copper that enters food ^ a result of contamination is metabolized m a manner 
very similar to that of added copper except m that it shows a shghtly higher 
excretion m unne and shght mcreased retention m the body There are 
evidences to show that small quantities of copper added to the diet are 
absorbed and deposited m different organs of the body It is not impossible, 
therefore, that small quantities of copper that are added to the food from the 
vessels, if taken in regularly for a fairly long time, may be deposited in different 
organs and exert their harmful effect 

\ 

Feeding expenments extendmg over longer penods and if possible on 
successive generations of animals have been arranged m order to study the effect 
on the growth and general well-being of the ammak and also to find out if any 
abnormal quantities of the metals are deposited m such organs as hver and kidney 
as may produce degenerative changes m the cell structure The mvestxgation will 
also mclude the study of the effect of the traces of metals deposited on the enzyme 
system present m those organs 

In the absence of defimte evidence, great caution should be exercised in the 
use of copper, brass and bronze vessels Tinned brass vessels should have a um- 
form coatmg of tm Although gross contammation with copper is rare, yet 
it 13 well to keep m mmd that traces of copper that finds them way mto the food 
from the vessels may prove harmful m the long rum 

ScMilABY 

The copper content of some of the Indian foodstuffs ranges from 0 18 -parts 
per milhon m milk to 12 5 parts per mifiion m cereals 
J, ilR 


6 
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2 The quantities of copper that enter food as a result of contammation 
from vessels depend on the natme of food, the time of exposure of the food to the 
metal and to a large extent on the composition of the metal or alloys used m the 
construction of the vessels 

3 Ninety-four to muety-six per cent of copper added as copper sulphate to 
wheat or to imtk is excreted m the fteces The presence of a very shght but 
constant quantity of copper m the urine indicates poor absorption of the metal 

4 Copper that enters food from the vessels due to contamination is 
metabolized m a manner very similar to that of added copper There is, however, 
indication of a sbghtly higher excretion m urine and increased retention m the 
body This point needs further investigation 

6 Groups of rats which were kept on a diet of chapath with supplements of 
miUc to which were added 6 mg and 9 mg of copper as copper sulphate appeared 
less ac'ive, with hairs sbghtly pigmented and showed growth rate lower than 
those of the controls 
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Chopra, Gupta and Mukhebabe (1933) reported on tbe pharmacological 
action of an alkaloid isolated from Rauwoljia serpentina This alkaloid was 
found to correspond ivith ajmalme, one of the principal alkaloids isolated 
and described by Siddiqui and Siddiqiu (1931) Since the isolation in 
pure form of the different alkaloidal principles of the plant by Szddiqm and 
Siddiqui (1932), httle work has been done on a quantitative basis on the 
pharmacological action of the individual alkaloids of Rauwoljia serpentina 
An alcohohc extract of the root is largely used as a circulatory depressant m 
cases of hyperpiesis and also as a sedative in conditions of hyperexcitabihty of 
the central nervous system As alcohohc extracts contam aU the alkaloids it is 
not knovm •which of them is most potent in lowering the blood-pressure The 
present paper is an attempt to make a comparative quantitative study of the three 
principal alkaloids, namely, ajmahne, serpentine and serpentimne, as regards their 
relative toxicifaes and also then respective potencies m lowermg the arterial 
blood-pressure 

Expenmeiital details — The toxicity of the different alkaloids was tested on 
white nuce weighmg between 15 and 20 grammes The different doses of the 
alkaloids were contamed m 0 d c c saline (0 9 per cent) per 20 g body-weight 
mouse and were mtrapentoneally injected. 

Toxic symptoms —’The symptoms varied with the magnitude of the dose and 
the alkaloid mjected Toxic symptoms appeared within 5 minutes m mice iniected 
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•mth, large doses of ajmaline hydrocliloride, and the animals died within 10 rmnutes 
of such injections Signs of motor evcitabihty, stiffness of tad, qmckemng followed 
by slowing of the respirator}'’ rate, and mild convulsions were the mam symptoms 
observed in the animals injected with lethal doses of the drug 

In ammals injected with graded doses of serpentine, symptoms were similar 
to those observed in ammals injected with ajmahne Serpentine, however, seemed 
to be a more powerful convulsant than ajmahne 

Neither ajmahne nor serpentine appeared to have any significant sedative 
effect either in the lethal or sublethal doses whde, on the other hand, they seemed 
to be stimulants of the central nervous system, especially the motor cortex In 
mice mjected with sublethal doses of serpentimne, prolonged drowsmess with 
slow respiratory rate was a characteristic symptom Death was delayed in mice 
injected ■with lethal doses of serpentimne In aU cases death was primarily due to 
failure of respiration, the heart contmued beatmg for some time after the cessation 
of respiration The results are given in Table I — 


Table I 


Showing the toxicity of the different alkaloids and crude extracts of 
Rauwolfia serpentma in white mice by intrapentoneal injections 


1 

Dosage 
mg /20 g 
mouse 

1 

1 

Ajmalme 

1 

Serpentine | 

1 

Serpentinme 

Group I 
(containing 
the crude 
extract and 
ajmahne) 

Group n 
(oontammg 
the crude 
extract, 
serpent me 
and 

serpentinme) 

1 00 

0/5* 





2 00 

0/9 

3/3 

0/3 



2 12 

3/6 



1 


2 26 

6/6 



1 


2 50 

4/6 


3/3 

! 0/3 


3 00 

6/6 


3/3 



3 60 

6/6 



0/6 

0/4 

4 60 


3/3 

3/3 



6 70 




3/6 


8 00 







* Number of mice died/number of mice mjected 
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In Table I some of tbe doses injected are geometrically mean m between two 
doses The coefficient of therapeutic efficiency, namely, the ratio of the lethal 
dose to the masimum tolerated dose, is small for the alkaloids 

A large number of mice was not used to construct a dose-mortahty curve from 
which LD 50 of each of the alkaloids could be detenmned The LD 50 was therefore 
worked out by usmg Karber’s (1927) formula The liDgo of ajmalme hydrochloride 
as found by Karber’s method is 2 59, that is, when a dose of 2 69 mg of the drug 
per 20 g body-weight mouse is intraperitoneally injected it wiU kdi about 50 per 
cent of the total mice mjected This toxicity figure compares favourably with 
that reported by Chopra et al (loc at ) for the same alkaloid 

If the relative mortahty figures m Table I are compared it seems that the median 
lethal dose for serpentimne is not far from that for ajmalme Dose for dose 
serpentme appears to be very much mote toxic than the other two If the figures 
representmg the absolute lethal doses are compared, ajmalme appears to be the 
least toxic followed m order by serpentimne and serpentme 

Groups I and II represent crude extracts containmg all the alkaloids and other 
prmciples of the plant Group I contamed ajmalme and group II serpentimne 
and serpentme It is mterestmg to note that mortahty figures due to these crude 
extracts are different from those due to the pure alkaloids It therefore appears 
that the toxicity of these alkaloids are very much reduced when m combination 
with other ingredients m the crude extracts These toxicity-reducmg substances 
have not been precisely found out The drug is very much used m the form of 
alcohohc extracts and it seems, therefore, that it is safer to administer it m this 
form rather than giinng the proximate pnnciples individually m which case the 
toxicity IS comparatively higher 

Effects of the different alkaloids on the blood-pressure of decerebrate and spinal 
cats — ^Experiments were devised to ascertam the sites of action of these alkaloids 
so as to group them as central and peripheral circulatory depressants Decerebrate 
and spinal cats were used to study then- effects on the vasomotor centre in the 
medulla and the peripheral cuculatory apparatuses, namely, the heart and the 
blood vessels 


In all our experiments a quantitative comparison of the effects of the alkaloids 
on the blood-pressure was ongmally aimed at but later it was found that them 
actions quahtatively differed The results are given m Table EL 

In a few experiments it was observed that some of the alkaloids did not show 
much depressor effects when the artenal-pressure was low In some spinal cats 
where the artenal-pressure was considerably low, a slow contmuous intravenous 
infusion of adrenahne (about lOy per c c ) was therefore started to raise the 
pressure men the pressure rose, ajmalme mduced a marked fall m spite of the 
infusion of adrenahne Under these conditions the effects due to the other 
alkaloids were not significant 


It IS seen from Table II that serpentine reduced the artenal-pressure of all 
experimental annuals, while the actions due to the other two alkaloids vaned 
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according to the preparation used Ajmaline and serpentinine both raised the 
blood-pressure, the action being more marked with ajmaline, in the decerebrate 
preparations In the spinal preparations where the medullary centres were 
destroyed, these alkaloids produced fall of pressure It seems that in decerebrate 
cats with medulla intact, the stimulation of the vasomotor centre masked the 
depressant effects on the heart and the blood vessels, the resultant effect being a 
rise of arterial-pressure In one spinal preparation, however, serpentnune raised 
the pressure 


Table II 

Shomng the effects of the individual alkaloids on the blood-pessure 
of decerebrate and spinal animals ~ 





Blood pressdbe 

MY 1 1 

Dose, mg 

Preparations 



AiKuluiutj 

Else mm Hg 

Fall mm Hg 




2 

Decerebrate 

23 



6 


47 


Ajmalmo 

10 

Spinal 


22 


10 

t» 


c 


2 

Decerebrate 

16 


Serpentinine 

6 

t 

25 

13 

10 

Spinal 



10 

99 

22 



2 

Decerebrate 


23 

Serpentine 

6 

ff 


23 

40 

10 

Spinal 



10 

99 


21 

Group I 

2 6 

Decerebrate 


46 

„ n 

2 6 

99 


46 


Discussion 

The effects of the individual alkaloids on the blood-pressure of animals have 
not been reported by earher workers Sen and Bose (1931) studied the ac lo 
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the crude drug Chopra ei al (loc cit ), using ajmaline in spinal preparations, 
reported a fall of blood-pressure which result is concordant with that found by us 
If they had used decerebrate preparations results would have been different 
This blood-pressure raismg property of ajniabne is largely due to its intense 
vasomotor stimulation 

Serpentme appears to have the most depressor effects It might be due to the 
preponderance of serpentine that alcohohc Uquid extracts of the root always produce 
a fall of arterial-pressure though it is also quite probable that such effects are due 
to the presence of other depressor principles not yet defimtely isolated from the 
root It 13 mterestmg to note that group I containing a mixture of ajmabne 
and other substances, produced marked fall of blood-pressure in decerebrate 
preparations (Table II) Group II, though it contained serpentimne and the 
extract, nevertheless produced a fall of blood-pressure due to the presence of the 
more powerful serpentme 

The drug is extensively used of late for its sedative action m cases of insamty 
nith violent maniacal symptoms iSTeither ajmahne nor serpentine seemed to 
have any hypnotic effects Drowsmess was, however, noticed in mice mjected with 
serpentimne and such effect was better marked when the ammals were injected 
with liquid extracts of the root contauung mixture of the alkaloids besides other 
mgredients Repeated or big doses of ajmahne were found to precipitate convul- 
sions nith retchmg m decerebrate ammals This excitmg central action of ajmalme 
was never observed when crude extracts of the root were used It seems, therefore, 
at present that crude extracts or powdered roots are chmcaUy more effective as 
the undesirable central stimulant action due to some of the alkaloids is masked by 
the presence of other unknown prmciples havmg more sedative and powerful 
depressant action on the blood-pressure 


SirmiAjBY 

1 The toxicity of the three alkaloids, namely, ajmalme, serpentme and 
serpentinuie, and their toxic symptoms have been studied on wbite imee by 
mtrapentoneal mjectious Serpentme is the most toxic of the three alkaloids 
Ajmahne and serpentimne are about equally toxic 

2 Crude extracts of R serpentina produced fall m artenal-pressure which 
seemed to be peripheral in ongin. 

3 Ajmahne raised the blood-pressure m decerebrate ammals but lowered the 
pressure m spmal preparations This fall m pressure was more marked when the 
pressure was previously raised and mamtained at a higher level by slow contmnous 
mtravenous mjection of adrenalme 

•1 Serpentme produced fall m artenal-pressure, both m the decerebrate and 
m the spmal preparations 

5 The effects of serpentimne closely followed those of ajmalme on the blood- 
pressure of experimental ammals ^ 
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6 Neither a]maliiie nor serpentine had any narcotic or sleep-producing effects 
in mice Serpentmine possessed such efiects Sedative efiects were, however, 
found with the crude extracts 
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Introduction 

Of the two species of Curcuma growing m India, namely Curcuma loiiga and 
C aromatica, tbe former or the real turmeric is extensively cultivated m this 
country Tbe rbizome of tbis plant is popularly known as ‘ baldi ' and is used both 
as a condiment and a dye C aromatica Salisb , also known as wild Curcuma 
(Sanskrit Vanahandra , Hindi Jangb haldi , Bengab Banhalud , Behan 
Banhaldi , Ifalayam Kasturunanjal), grows wild m some parts of Mysore State 
and 13 probably indigenous to vanous other parts of India The plant as a whole 
contains the colounng matter, the underground rhizome contaimng the greater 
part of it 

Turmeric in the indigenous medicine — ^From times immemonal turmenc has 
been used by the Ayurvedic and the Unam schools of medicme m Tndig. as a 
stomachic, tome and a blood purifier It has its use also as an antipenodic 
alterative Household turmenc mixed with warm milk is said to be beneficial m 
common cold The fresh ]mce from the rhizome, a paste prepared from it or the 
decoction of the plant, is often employed against leprosy, snake-bite, vomitmg of 
pregnancy and affections of the hver Murray advocates its use m troublesome 
diarrhoeas in atomc subjects Baden Powell found it to be effective in intermittent 
fevers and dropsy The fresh jmee from the rhizome is beheved to be antiparasitic 
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for many skm affections Externally it is used for indolent ulcers and a paste 
made from the powdered rhizome along with caustic lime forms a sootbng remedy 
for inflamed and angry joints A decoction made from the rhizome is said to 
relieve pain of purulent ophthalmia It is still a common practice in India to use 
a piece of cloth soaked in tui meric solution for wiping away discharges in acute 
conjunctivitis and ophthalmia Finely powdered turmenc mixed with alum forms 
a common houseliold remedy for otorrhoea A thick watery paste of ‘ haldi ’ is 
used on many auspicious occasions amongst the Hmdus in this country The 
smoke produced by sprinkling pon dered turmeric over glowing charcoal is said 
to reheve pain due to scorpion bite 

Chemical conside) aliens — The chemical formula of Curcumin, the yelloir 
colouring matter of turmenc, is either CioHjqOs or CjcHkjO^ It melts at 
172°0 , forms red-brown salts with alkahs, is converted by bone or sulphuric acid 
into rosocyanme, by reduction with zinc dust into an ody body, by oxidation into 
oxalic or teiephthalic acid and by fusion with potash into protocatechmc acid Oil 
of turmeric is distilled from the dried rhizomes of Curcuma longa Fresh rhizomes 
yield 0 24 per cent of a yellow coloured oil which is soluble in 75 per cent alcohol 
Turmeric oil contains phellandrene Oil extracted from Bengal turmeric with 
petroleum ether when fractionally distilled under reduced pressure gave the follow- 
ing fractions (1) boihng below 193°C, (2) at 193°C to 198°C , (3) viscid semi- 
sohd residue The middle fraction, aftei purification, seemed to contain an alcohol, 
‘ turmerol of the composition CigH^sO described as a pleasant aromatic smelhng 
oil with a density of 0 901 at 170°C 


PnABMACOLOGICAL ACTION OF CuTCUma OIL 

The Director of the Indian Institute of Science, Bangalore, kindly sent 
sample of the yellow essential oil isolated from Curcuma longa We have attempted 
to work out the pharmacological actions of the oil , the results of our experiments 
are given below — 

Action on Paramecium caudatum — The efiects of Cuiauma oil in different 
concentrations were studied on P caudatum kept on a glass-shde with six sma 
chambers The addition of the oil in concentrations varying from 1 m 2,000 o 
1 in 6,000 resulted in paralysis and subsequent death of the orgamsms , comp e e 
dismtegration with loss of shape was a marked feature With weaker dilu ion 
of the oil, such as 1 in 10,000 to 1 in 30,000, the cihates at first became active a 
were later sluggish and ultimately died within 10 to 30 minutes The 
did not undergo any change with higher dilutions of the od, such as 1 m 5 , 

1 in 100,000 

Action on the hactena — The bactencidal properties of the oil were tested 
StafkylococGus albus and aureus, and B typhosus 

The growth of cultures of Staphylococcus auieus and albus was 
concentrations up to 1 m 5,000 The growth of cultures of B typhosus i 
inhi bited even m a concentration of 1 in 1,000 
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Local action — ^The essential oil has a strong aromatic odour, and applied locally 
it has a shghtly irritant action on the unbroken s k in Applied to the mucous 
membranes it produces well-marked vasoddatation. A one per cent solution of 
the od when instilled mto the eyes of a rabbit produces shght redness of the 
conjunctiva but does not produce any local aneesthesia One or 2 per cent 
solution of the od if mjected deep into thigh muscles of a cat does not produce 
unpleasant symptoms or appreciable congestion, cedema or necrosis at the site 
of the mjection 

Action on the gastro-intestinal tract (a) Carminative effect — Taken by mouth, 
the solution of the od has warm aromatic taste and promotes the flow of sahva 
Taken mternally in doses of 5 to 10 minims suspended m water the oil gives nse 
to a feehng of warmth and sense of comfort m the stomach It, therefore, seems 
to act as an appetizer, stomachic and tome Large doses, such as 2 c c to 4 c c 
of the concentrated solution of the od, give nse to sharp pam and discomfort m the 
epigastrium and mduce sahvation, retchmg and vormtmg 

(6) Effects Oil the gaslnc secretion — ^Ftee and total acid contents of the gastric 
jmee were determmed on the same subject on two different days, observations bemg 
made on patients m the Carmichael Hospital for Tropical Diseases durmg fastmg 
A Ryle’s tube was introduced mto the stomach and 16-imnute samples were 
aspirated and collected for exammations on two different days On the first day 
the samples were collected after administration of 50 c c of 7 per cent ethyl alcohol 
alone and on another day, after 50 c c of 7 per cent ethyl alcohol aduumstered 
after 10 c o of 1 per cent Curcuma od The contents were withdrawn every 15 
imnutes for 2^ hours and the total and free acids were detenmned 

The results obtamed after fractional test meal on different mdividuals show 
that the administration of Curcuma od is followed by a marked dumnution of 
secretion of the acids m the stomach 

(c) Action on the small intestine — ^The movements of the small mtestme were 
studied in chloralosed cats with Jackson’s enterograph The essential od m 1 c c 
to 2 c c doses of a 1 per cent solution at first produced shght mcrease of the tone 
followed by subsequent relaxation of peristaltic movements The mjections of 
the essential od to the isolated pieces of kitten’s mtestme m the Dale’s bath 
produced smidar but less marked effects 

Action on the cardioiascular system (i) On the Uood-gpressure — ^The od mjected 
m different doses mtravenously mto cats under urethane and chloralose aniesthesia 
always produced a fall m blood-pressure With smaller doses, such as 1 c c or 
2 c c of a 1 per cent solution of the od, the fall m blood-pressure was abrupt 
but recovery was also rapid 'This fall m pressure was, however, marked and 
mamtamed with larger doses, such as 2 c c to 4 c c , but the pressure m all experi- 
ments returned to normal ^ 


(a) Acaou on the blood vessels —The fall m arterial blood-pressure was always 
foUowed by a decrease m the volunje of the mtestme and the spleen but with a nse 
of the hmb vo ume The re-d^tribution of the blood, therefore, appears to be 
directed towards the peripheral blood lessels which show ddatation 
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(m) Action on the heart — The myocarcliograph experiments m the anaesthetized 
cats showed shght stimulation of the auricles ivuth dilatation of the ventricles The 
injections of larger doses such as 2 c c to 5 c c , however, resulted m dmnnutionof 
the amphtude of contractions of both the auricles and ventricles 

Action on the lespiratory system — The e&ects of the essential od were studied 
on the respiration of cats under urethane anaesthesia An increase m both the 
rate and the amplitude of the respiratory movements was obtained with smaller 
doses, such as 1 c c or 2 c c of a 1 per cent solution of the oil 

Summary and conclusions 

1 The essential od of Curcuma longa appears to have feeble antiseptic 
properties 

2 The secretion of acid of the gastric juice is inhibited, it acts as an 
antacid 

3 It seems to share the carminative property of other essential ods In large 
doses it appears to act as an auti-spasmocbc inhibitmg the excessive penstaltic 
movements of the intestine 

4 The effects of the oil on the cardiovascular and the respiratory system 
are not marked and therefore not of much importance from therapeutic pomt of 
view 
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Lectthis is one of those substances the functions and properties of ■which 
have not been fully assessed The findings of different investigators on many 
points have been contradictory This is principally due to the difficulty of ob- 
taining it m a pure condition and to its extremely labde nature It undergoes 
rapid changes m the presence of air and hght Many of the properties of lecithin 
are closely associated with the presence of highly unsaturated fatty acids m the 
molecule These acids confer upon lecithm the property of absorbing oxygen with 
great rapidity so that a freshly prepared pure sample of lecithm which is clear and 
wax-hke m appearance may change on exposure to air mto a brown or dark-brown 
mass -vnthm a very short time, differing entirely from the unoxidized specimen 
with regard to solubihty and other properties Much of the confusion which 
prevails m the hterature respecting the behaviour of lecithin is due to the fadiire 
to take note of the facts mentioned abo\ e 

The association of lecithm -with hsemolytic phenomenon dates back to 1903 
when Kyes discovered its remarkable property of accelerating venom haemolysis 
It is well known that the erythrocytes of various animals differ m their susceptibff- 
ity to venom haemolysis to a remarkable extent For instance, those of the do^ 
the gmnea-pig and the cat are most susceptible to the process , those of the ox 
the goat and the sheep are entirely refractory, re they are not lysed by any of 
the venoms , whereas those of man, rat, rabbit, pig, horse, etc occupy an 
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intermediate position and have varying degrees of susceptibility Venoms 
obtained from different species of snakes also vary considerably as regards their 
beemolytic activity — -tbose of the Colubndw venenosw class are more or less 
hsemolytic, whilst those belonging to the Vipendo) species are either non- 
htemolytic or hmmolytic only to a very limited extent 

In the presence of a trace of lecithin, however, all the different vaneties 
of venoms, hmmolytic or non-hiemolytic, htemolyse the erythrocytes obtamed from 
all the different species of animals, susceptible or refractory, very readily It is 
therefore evident that the role of lecithin in connection with venom haemolysis 
IS very sigmficant 

The acceleration of venom haemolysis in the presence of lecithin is beheved 
to be due to a very active hmmolysm formed by the enzymatic action of 
lecithinase present in the venoms Roy (1938) made a comparative study 
of the lecithinase actmty of cobra and Russell’s viper venom and subsequently 
of ,echi8 venom and found that all three contained active enzymes capable of 
splitting up lecithin, the Russell’s viper venom bemg the most active m this 
respect 

Without entering into any discussion as to the mechanism of lecithm-venom 
haemolysis for the present (to be discussed in detail elsewhere) the fact that 
lecithm activates all lands of venom haemolysis remains undisputed 

This remarkable property of lecithin led subsequent workers to study its 
action on other substances as well, with the result that statements like the follow- 
ing appeared from time to time describing its action on substances of varied nature 
both orgamc and inorgamc Elritschewsky and Mnratowa (1922) stated that 
qmmne, hke cobra venom, was activated by lecithin Pascucci (1905) observed 
that the agglutinating capacity of ncin was converted into hiemolytic activity 
after the addition of lecithm Arrhemus (1908) observed that lecithin activated 
the hmmolysis caused by acetates and boric acid 

Fnede (1924) studied the action of lecithin on a number of substances of 
varied nature selected at random He found that there was a group of substances 
which were hmmolytic themselves and that the addition of lecithin serv 
to accelerate such haemolysis Mono- and dihydrochlorides of quinine, quinine 
sulphate, optochin, gaUic acid, amhn (probably the hydrochloride), arsemc aci^» 
carbohc acid, acetates, boric acid and silicic acid, accordmg to him, fall uni 
this head Another group of substances was found by him to be non-hiemo y i > 
but they hmmolysed m combination with lecithm, e g caffeine, cocame, stryc nine, 
chloral hydrate and potassium bromide 

A third group of substances was strongly haemolytic but lecithm 
to be without any effect on theur action, e g sapomn, tetanotoxin, s 
taurocholate, salvarsan and mercuric chloride 

The result of Friede’s observations is well summarized by the 
ments of his own ‘ So we see similar to animal poisons, there are many ® 
defined substances, as well as orgamc and mmeral poisons an 
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substances, which have the capacity to hsemolyse m combiuation with lecithin, 
even in those cases where the substances themselves in high concentrations do not 
hramolyse ’ (The Enghsh translation is ours ) 

The activation of venom hmmolysLS by lecithin forms a distinct class by itself 
because these venoms in spite of their very complex nature have one thing m 
common, m that they all contain an enzyme capable of sphttmg up lecithm 
with the formation of strong hcemolytic substances It appeared to us to be 
very pecuhar that lecithin should have *^nttdar action on a number of other 
substances of widely divergent nature for which no reasonable explanation could 
be given 

Accordingly, the action of lecithin on some of those substances was studied 
For this investigation Iferck's lecithm (ex ovo, hght brown) which was repeatedly 
washed with hot acetone to get rid of free fatty acids was employed ^10 
per cent emulsion of lecithin was prepared from the purified specimen from 
which more dilute solutions wore prepared when required This stock solution 
would keep for several weeks when stored m a glass-stoppered contamer inside an 
ice-chest 

The salts of qumine first engaged our attention because of their climcal mterest 
Kntschewsky and Muratowa (loc cit ) supposed that hsemoglobinuna in malaria 
was the result of the ingestion of qmmne When the concentration of quinine m 
the blood is sufficiently high, it is said to hiemolyse in combmation with lecithin 
present m the serum The salts of qmmne, however, are not administered m such 
doses as can produce a concentration in the blood approacbing that which can 
produce haemolysis Jforeover, cases of bsemoglobmurm do occur m malana, 
without administration of qmmne It is also known that qmmne m whatever form 
administered appears m the circnlatmg blood in the form of the base The 
solubdity of qmnme alkaloid is stated by Barratt and Yorke (1909) to be about 
1 m 1,600 m water According to Christophers (1929) with a saturated solution of 
qmnme in salt which gave a pH of 9 4, complete hsemolysis was obtained. At half 
this concentration, givmg a pH of 9 2, no hsemolysis was obtained m three hours 
or overmght It is therefore highly improbable that the qumine alkaloid should 
ever attain such concentration m the blood as to cause beemolysis even assummo- 
that lecithm has an acceleratmg action upon it 

Qutiniie bihydrocJilonde — ^According to Fnede (loc at ) this salt m a dilution of 
1 m 100 produces complete hsemolysis, almost complete haemolysis m 1 m 150 but 
m a dilution of 1 m 200 and upwards it ceases to be hemolytic In the presence 
of lecithm 1 m 10,000, however, complete hemolysis was obtamed even m a 
dilution of 1 m 200 


With a Howard’s preparation of qmmne bihydrochlonde the followmg results 
were obtamed The pH m each case was determmed electrometrically with qmn- 
hy^one electrode on solutions which contamed the same concentration of qmnme 

hydrochloride but m place of the washed r b c an equal volume of normal sahne 
Wiis used. 
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It appears from Table I that lecithin has no accelerating action on the 
hsemolysis caused by qmnine bihydrochloride and that haemolysis is due to the 
acidity of the system In this connection it Avail be pertment to recall the following 
remarks of Christophers (/oc cit ) — 

‘ This salt conforms in every way with the action of an acid salt, i e its lunit 
of haemolytic action is at a pH point of about 4 6 and being highly dissociated and 
hydrolysed, it gives almost the same result as free HCl The salt behaves as 
though it had but one available molecule of HCl,’ 


Table I 



Qmmne monocMortde — ^According to Fnede this salt produced took 

haemolysis at a dilution of 1 m 100, and with 1 in 160 solution no 
place , but with lecithin (1 m 10,000) a 1 in 500 dilution of the salt win p 
complete haemolysis 
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Table II shows the results of our e\n?eriuients with quinine monohydro- 
chloride (Howard) — 

Table II 



iSee Note under Table I 


It vTould appear that lecithm has no activating action on this salt also It is 
indeed i ery difficult to connect the hsemolytic action of this salt with its acidity 
•unless it IS assumed that the addition of red cells causes an appreciable mcrease of 
the pH due to increased dissociation 

Christophers (foe cif ) considers this salt to be like bone acid which is 
hamolytic with a pH far below that of the unbuffered acids According to him 
the pecuhar results given bv quinme monohydrochlonde are due to special 
conditions prevailing in regard to dissociation and not to ‘ special ’ hsemolytic 
properties proper to qninine as such Very small changes might appear to enhance 
the hffimolytic effect when all that had really happened was some increase in 
dissociation 

QiiiJiuie sulphate — ^This salt is said to produce complete hasmolysis in dilutions 
up to 1 m 6,000 It 13 not haemolytic m a dilution of 1 m 8,000 and upwards 

MR ij 
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(Frieclo, loo cit ) In combination with 1 in 10,000 lecithin, hoivever, 1 m 10,000 
dilution of this salt produces complete lueniolysis With 1 m 500 solution 
of quimne sulphate (Howard) the following results were obtained — 


Table III 
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See Note under Table I 


The above results show that quimne sulphate is not haemolytic even in a 
ddution of 1 in 1,000 and that lecithm has no accelerating action upon such hseiiio- 
lysis It IS probable that Friede had used a specimen of this salt which containeil 
appreciable amounts of free sulphuric acid In this connection the following 
remarks of Christophers are worth quoting ‘ soluble 1 in 800 of watei This salt 
IS not haemolytic in saturated solution in salt (0 0014 mol per htre) Being a 
bivalent salt it is likely to be less dissociated in solution than the other salts 
mentioned and, being relatively insoluble, it does not give the necessary concen- 
tration of acid for haemolysis In saturated solution in 0 85 salt the pH is about 
68 ’ 

OptocJmi — This compoimd is said to produce almost complete hoeniolysis 
in a dilution of 1 m 350 and no haemolysis in 1 jn 300 solution, but with this latter 
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dilution complete liiemolysis is said to take place mth lecithm (1 in 50,000) The 
hydrochlonde used for our experiments was prepared from the base ethyl 
hydrocupreme (ilerck’s) by the addition of the calculated amount of hydrochloric 
acid and makmg up to the concentration required Sodium chlonde was then 
added to make it 0 85 per cent The concentrations are expressed m terms of the 
base 

Table IV 
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See Xoto under Table I 


It would appear from Table IV that, with and without lecithin the various 
concentrations of optochm hsmolysed at the same rate and that the hiemolytic 
action IS due to the acidity of the solution This is borne out by the fact that m the 
first two tubes -where liemolysis takes place comparatively qmckly the hmmolysed 
solutions have a greemsh yellow colour characteristic of acid hcemolysis The 
same remark holds good with respect to aspinn also, which even in a ddution of 1 in 
4,000 has a pH of about 4 0 
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It IS said (Pascucci, loc cit ) that ncin alone produces agglutination of r b c but 
in combination with lecithin, bsemolysis takes place Our results show that with 
or -without lecithin ricm produces only agglutination of the red blood corpuscles 
and in no case heemolysis is produced 

The action of lecithin on bacterial hsemolysins, e g -vibrio (El Tor) hsemolysin 
and streptococcal haemolysin, -was also studied Vibrios were grown m 1 per cent 
peptone solution and Streptococcus hceinolyticus in serum broth Eighteen hours 
old cultures were used in both the cases -without centrifugation It would appear 
from Table V that lecithin has no appreciable action on vibrio hcemolysins — 


Table V 
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See Note under Table I 


Lecithin, however, has a marked inhibitory action on streptococcal heemolysm 
as Table VI -will show These results therefore confirm the findmgs of Gordon 
and Stansfield (1929) — 


Table VI 
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Note under Table I 
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It appears therefore that excepting m the case of snake venoms and some 
other ammal poisons, which contain active enzymes (lecithinase), purified lecithm 
does not accelerate hsemolysis The acceleration observed by some previous 
workers in the large majority of cases was due either to the fatty acids present m 
the impure specimen of lecithin or to some other extrinsic factor 

Summary and conclusions 

1 The action of lecithin on hsemoiytic activity of salts of qmmne and optochin 
as well as on some bacterial hsemolysms was studied 

2 The hremolytic action of the salts of quimne and optoclun seems to depend 
upon their acidity as these salts are easily hydrolysed 

3 A purified sample of lecithin had no action on the hiemolysis caused by 
any of these salts 

4 The acceleration observed by previous workers was evidently due to the 
free fatty acids present m impure specimens of lecithm which they used. 

5 Purified lecithm had no appreciable action upon vibrio (El Tor) htemolysm 
but it has a marked inhibitory action on strepiococcal hasmolysiu 
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FURTHER imU^STIGATIONS ON THE TRANS!\IISSION 

OF KALA-AZAR 

Part IV 

THE DURATION OF LIFE AND OTHER OBSERVATIONS ON 
‘ BLOCKED ’ FLIES 


BY 


R 0 A SMITH, 
K C HALDER, 


ANC 


I AHIIED 

(From the Kala-azar Inquiry under the bidian Research Fund 
Association, Darbhanga Medical School, Bihar ) 

[Received for publication, June 5 1941 ] 

detection of sandflies P argentipes, so heavily infected with flagellates 
that the passage to the nudgut was completely obstructed resulting mthemabihtv 
of such &es to obtain a meal of blood was first made m August 1939 and certain 

Feeding experiments m the 1910 programme were bemm on Rfb 'ir 

kept in an unregulated mcubator in the same manner as the year befee and diZ " 

pobable therefore that last year ‘ blocking ’ was not deSeTin the p! l 
SSarsir that It occurs^"?: 


( 783 ) 
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The number of flies suspected to be ‘blocked’ each month, the results of 
dissection and tlie order of their dying is given below in the Table 

Table 
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• E'ccludes four flies prepared for section cutting 


The diminution in numbei ot ‘ blocked ’ flies during and after September was 
due to the fact that from July onwards parallel feeding expeiimeuts with two senes 
of sandflies maintained on raisins and repeated blood meals respectively were being 
conducted Both series of flies were infected on the same patient in the same 
cage, and separated into difterent batches three or four days later, when those that 
had oviposited and taken a second blood meal were placed m one category and given 
the third and subsequent feeds on experimental ammals, while the remainder 
constituted the other, to be maintained on raisins tfll the tenth day before being 
oftered a second blood meal on an experimental ammal Particular care was taken 
to detect evidence of blocking duimg the feeding of the flies, but in no instance was 
a ‘ blocked ’ fly found among those given repeated blood meals , the condition was 
observed exclusively among the raism-fed senes and as reported m the previous 
commumcation only among those being ofiered a second blood meal 

Of the 106 flies suspected to be ‘ blocked ’ 77 were infected with flagellates 
and 9 were not In 19 no result was possible owmg to decomposition of the flics 
Excluding 4 flies which were prepared for sectiomng the order of dying of t le 
73 positive ones was as follows 39 withm the first 24 hours, 13 each on the 
and third day, 6 on the fourth and one each on the fifth and seventh day Alt ou^ 
the numbers are small, the longevity of ‘ blocked ’ flies would seem to have een 
greatest in August, when one fly survived for seven days With few exceptions 
















R 0 A Smith, K G ffaldei and I Ahmed 


7S5 


these flies attempted to feed at least ouce each day when offered opportumties so 
to do, and more often than not any fly which refused to try was found dead the next 
morning Many flies were found to make sustained efforts to obtain a meal of 
blood two or three times on the same day when given opportumties at intervals of 
an hour or so , some flies would pierce the skin and not move from that spot tdl 
they were apparently weary of trying, others would make attempts at two or 
three different places for as many minutes at a time before they gave up The 
longest period recorded to have been spent by a fly in trying to obtain a meal from 
one spot was 18 minutes 



After they were tested each day with the offer of a blood meal the ‘ bJoekp^l ’ 
flies were tubed with raisins, from which it is assumed they were able to den-iA 
ome nourishment, else it is very improbable that the figures for longevity recorded 
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above would have beeu obtained It is possible that a ‘blocked’ fly, though 
unable to imbibe sufficient blood to satisfy its hunger, may succeed in procuring 
small quantities of tissue fliud or plasma which will sustam it for a short time ; 
but tdl further knowledge of the bionomics of this species is available it would 
be unwise, we think, to gauge the duration of hfe of a ‘ blocked ’ fly under natural 
conditions by estimations made in a laboratory 



The repeated and persistent efforts made by ‘ blocked ’ flies to ob am a » 
would suggest that under natural conditions infections with L donoiain a 
result not of a single bite from an infected P argenhfes, but lepea 
probably throughout the course of a mght on a victim sleeping m a pa 
part of the room favoured by sandflies, such as a corner away 
prevailing breeze 
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If this were so it ■would be one reason for the slo-ft spread of kala-azar generally , 
hut the number of naturally mfected P argenhpes found up to date is remarkably 
small, and qmte out of proportion to the incidence of the disease in endemic areas 
The paucity of heamly infected flies among such as have been found naturally 
infected may be due in part to certam discrepancies in the routme adopted up to 
the present , hitherto both m the collection and dissection of flies from infected 
dwelhngs it ivas the practice to disregard those -which showed no e-vidence of 
ha-vmg had a blood meal ‘ Blocked ’ flies have empty midguts and cannot easily 
be distmgmshed from newly hatched and unfed females , it is possible therefore 
that many an infected fly "was missed by omittmg to exa min e apparently 
unfed mdividuals 

Camera lucida dra-wmgs of the anterior halves of the ahmeutary canals of two 
flies are presented , one from a ' blocked ’ fly and the other from an ordinarily 
infected one which died after a fifth blood meal The specimens were fixed m 
Bless solution for three to five minutes and hghtly coloured with Leishman’s stam 
to render the outhnes more distmct The distension of the oesophagus of the 
‘ blocked ’ fly is well seen in contrast to that of the other 
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OF KALA-AZAR 

Part V 
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In lus book on ‘ Kala-azar ’ and elsewhere Napier (1927) has suggested that 
kala-azar is the chnical expression, determuied by some secondary factor, of an 
infection that is far more widespread than the disease itself, and that typhoid fever 
under urban conditions and malaria in rural areas are amongst the secondary 
factors that determine the morbidity of leishmama infection In an article on a 
thcor)'- of the setiology and epidemiology of kala-azar, Napier and Enshnan (1931) 
present \ arious climcal and other observations in support of this theory and suggest 
that a dissemination of the infection takes place when, during an attack of either 
malana or typhoid, the reaction m the reticulo-endothehal tissues and the 
mobilization of large mononuclears in the blood results in the transfer of leishmama- 
laden cells from a qmescent focus of infection in the skm to the visceral endothelial 
tissues, thereby estabhshmg a general visceral infection 

In their cytological studies of the blood and tissues in kala-azar and associated 
conditions, Napier, Knshnan and Lai (1933) find further support for the above 

( 789 ) 
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tlieoiy, and tlie reason why malaria parasites are so seldom found in the blood of 
kala-azar patients is stated to be due to the activity of histiocytes in engulfing and 
destroying parasitized cells , the marked histiocyte proliferation present in kala- 
azar therefore may be the factor responsible for suppressmg the plasmodial infection , 
but, when co-incident with the cure of kala-azar the histiocytosis disappears, malaria 
not infrequently supervenes, as is evidenced by typical cluneal attacks of the 
disease often witli parasites in the peiipheral circulation of patients convalescent 
after kala-azar 

An attempt to obtam experimental support for this theory was made in 1933 
(Napier, Smith and Krishnan, 1933) hlonkeys of two species were placed under 
experiment , one M mulalla very susceptible to infections with P hiowlem (the 
plasmodium used) but resistant to leishmania, and the other M trus, fauly resistant 
to malaria but susceptible to leishmama The results were mconclusive , although 
some evidence was obtained that the less nesistant species was rendered stiUmore 
susceptible to an attack of leishmaiuasis as a result of the plasmodial infection, 
the result with the other species 31 mulatta was completely negative 

The fact that hmmoglobin is such an essential constituent of media for the 
growth of leishmama led to an experiment last year to deternnne whether loading 
the cells of the reticulo-endothelial system with hmmoglobm, which may be pre- 
sumed to occur naturally in malaria, would influence an infection with L donomm 
in an ammal To this end a number of mice were inoculated with a small dose of 
flagellates, the contents of one infected sandfly each, and a similar number were 
given m addition, two injections of washed rabbit red blood cells on the days 
following the inoculation of flagellates Of 13 ammals that survived the period 
of incubation, three of seven that had cells in addition to flagellates were found 
infected, and the six controls were all negative The result is not as decisive as 
it might be, and whether haemoglobin acted in the manner visualized above or 
not, the result we think is not unfavomable to the rheory that malaria predisposes 
to kala-azar 

The close coirelation in the distribution of malaria and kala-azar m vanoM 
parts of this district, where localized epidemics of malaria have been followed by 
considerable increases in the incidence of kala-azar, presented an excellen 
opportumty to study the connection between the two diseases under natuia 
conditions 

The area chosen for investigation was one where an epidemic of malaria began 
m August 1938 , the number of fever cases at that time was not large, but by e 
autumn of 1939 the epidemic was at its height, and there were reports of many 
fatahties A treatment centre opened by the health authorities was visi e m 
November 1939, and 10 samples of blood for aldehyde tests from certain P® 
with fairly large spleens and 36 blood slides from others were , 

exammation In 30 of the 36 slides malaria parasites were found, bu e 
for kala-azar were all completely negative For various reasons it was no , 
to begin the work here reported before March 1940, when with the assis ^ 
District Health Officer a treatment centre was opened in one of the mos 
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infected villages Arrangements were made for a doctor to visit the centre two 
days each week and treat all cases of malana and kala-azar , the junior author 
(I A ) ^^ 3 lted the centre once weekly and the semor once a month An endeavour 
was made to exanune a blood smear for malaria from every fresh case attending 
for treatment before the admimstration of qmmne, to determine in what 
proportion of patients diagnosed malana by direct methods, kala-azar would 
later supervene AH fresh cases with enlargement of the spleen two inches 
or more below the costal margin were also examined for kala-azar by the 
aldehyde test 

Certain drawbacks to the collection of accurate figures regardmg the incidence 
of malana should here be mentioned the population was an uncontrolled one and 
the fact that the centre operated only twice each week resulted m a certain number 
of persons obtaimng qumme from other dispensaries or from the bottle of an 
obhgmg neighbour on days when the centre was not functioning , others would 
send a friend or relative for mixture when they were too ill or felt dismchned to 
walk to the centre themselves These discrepancies are offset to a certam extent by 
the fact that the amount of qmmne m each dose of mixture was small and tended 
to become smaller stdl when, not mfrequently, local stocks of the drug were low 
Also we have reason to bebeve that m the case of small children, more often than 
not, they were earned to the centre for examination and treatment In view of 
the fact that the centre was controlled by the district authorities, no patient was 
refused treatment, and the inclusion of a certain number from villsges outside the 
area of mvestigation but within that of the epidemic zone, should not it is expected 
influence the result one way or the other 

The previous figures for kala-azar from the villages in question according to 
the treatment registers of the two closest hospitals are given m Table I 


Table I 



1937 

1938 

1939 1 

1 

1940 (till 
March) 

1 

Tajpur 

10 

1 

1 

1 

' 3 

» 

1 

1 

33 ' 

1 

1 

24 

i 

Suruubtipur 

1 Xot oilublo 

i 

1 

13 

10 


It will be seen that there was an increase in the number of cases attendin^r for 
treatment m 1939 and the figures up to March would predict a stdl higher total 
for 1940 The subsequent historj^ of malana and kala-azar for the period of 
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obseivatiou may be seen from the Gtaph showing tlie number of patients diagnosed 
eaoh month at the centie 

A total of 900 patients weic examined once or more, and of these 234 were 
diagnosed kala-azar and 257 malaria The total for malaria does not include those 


G It Aim 


Q,ses 



cases which subsequently developed kala-azar or in which both „ 

found at the same time Of the 257 cases of malaria there were 110 bemgn 
118"'mahgnant tertian, 27 mixed, benign and malignant tertian an 
infections 
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The age incidence of these two groups is given in Table II — 

Table II 
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1 

1 

i 

1 

Kala atar j 
1 

Malaria 

1 

1 to 5 , 

1 

38 ! 

36 

6 to 10 
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76 
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16 to 20 

1 

23 

43 
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i e 

17 

26 to 30 

1 8 

16 

Over 30 

4 

i 

IS 

1 

1 


Ah but 33 of the kala-azar patients were diagnosed as a result of a positive 
aldehyde test, and the method of diagnosis and degree of enlargement of the spleen 
beloB the costal margin is given in Table III — 


Table HI 


Sue of spleen 

Aldehyde 1 
test 1 

1 Culture 

Chmcal ' 

1 

L D body 

j Total. 

2 inches and less 

j 

64 

10 


! 0 

63 

2 to 3 inches 

77 

1 

13 

0 


91 

3 to 4 

j 32 

4 

1 

0 { 

37 

4 to 5 

1 29 

1 2 

0 

« ! 

31 

Over 5 

1 ” 

’ 1 ^ 

0 

' 0 1 

i 

1 i 

10 


Culture of the blood to arrive at a diagnosis was resorted to in January 1941 
on finding a number of suspicious cases which gave negative or mcomplete results 
with the aldehyde test, and some by the area stibaniine method as well Of 39 
cases so exammed, flagellates were grown in 30 , five were negative and four septic 
Among these there were six that had previous histones of malaria, of which three 
were positive and three negative IVo of the positive cases had had malaria m 
illarch and ilay 1940 and one m September 

J, MR 
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An examination of the results shows that among the 234 cases of kala-azar 
an association with malaria was detected m only 15 In seven instances malaria 
preceded kala-azar, and in rune, mcluding one of the seven mentioned previously, 
malaria parasites were found at the same time as a positive aldehyde test was 
obtained Details of these cases are given m Table IV — ■ 


Table IV 


Number 

Age 

Size of spleen, 
inches 

jMnlnria on 

Type of parasite 

Aldehyde test, 
positive on 

Size of spleen, 
inches 

1 

18 

4 

6-3-40 

BT 

24-7-40 

4 

2 

6 

D 

22-5-40 

BT 

2-10-40 

1 

3 

14 

3 

22-11-39 

B T and M T 






13-4-40 

MT 

13-1-40 1 

1 

4 

6 

U 

26-9-40 

BT 

19-3-41 

2J 

5 

G 


4-9-40 

1 

BT 

1 

5—3 — 

41 (culture) 

6 

6 

2i 1 

2-3-40 

MT 

6-3-41 

2i „ 

7 

7 

i 

1-6-40 

BT 

12-2-41 

1 


Aldehyde 

‘positive cases shoiving ‘malaria parasites 

1 

12 

2 

22-6-40 

BT 

2 

20 

6 

13-1-40 

MT 

3 

18 

0 

26-9-40 

1 

MT 

4 

11 

3i 

1-5-40 

BT 

6 

0 

14 

15-6-40 

BT 

6 

7 

24 

11-9-40 

MT 

7 

12 

24 

18-9-40 

BT 

8 

6 

3 

9-3-40 

BT 

9 

Case No 3 m above list 

MT 


Thirty-two patients were exammed once or more for malaria wi^i nega i 
results before a diagnosis of kala-azar was made, but m the remaining 196 ^ 

kala-azar was found already estabhshed at the first visit of the patien o 
centre Such a finding would seem to detract largely from the va ue ^ 
investigation which had for its object the exanunation of as many 
possible for malaria before the onset of ki^la-azar , this finding may e 
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partly to the nature of the disease itself, which can often be slow and insidious in 
Its development, and partly also to the mentality of the people who would 
not attend the centre for treatment till either a convement opportunity arose 
or the persistence and increasing seventy of symptoms compelled them to seek 
relief 


¥rom the history of the epidemic of malaria, from the figures for kala-azar 
from the two hospitals and from the Graph, it will be seen that though 1939 was 
the year when malana was most prevalent, it was not till September 1940 that a 
sharp rise in the number of kala-azar cases occurred , from this time when malaria 
was dying down till March when investigations ceased 170 of the 234 cases were 
found It would thus appear that there was a local ‘ flare up ’ of kala-azar two 
years after malaria in epidemic form first appeared With a disease like kala-azar 
such an mterval would not be incompatible with a connection between the two 
events, and direct evidence of malana may have been demonstrated in a larger 
proportion of the patients had mvestigations been undertaken earher A closer 
examination of the results will, however, show that there are certain factors not 
qmte in keepmg with the theory presented by Napier and Krishnan, particularly 
we think regardmg the mechanism of dissemination of the mfection from a 
sub-chmcal focus, if by the term malana is meant acute malana 

From the table showmg the degree of splemc enlargement it will be noted 
that in 158 cases the spleen was 3 mches or less below the costal margin, and m 
only 41 was the enlargement greater than 4 inches If the size of the spleen 
IS accepted as a satisfactor)’ indication of the approximate duration of the disease, 
more than two-thirds of the cases were early ones of three to four months’ 
duration, and it should be stated, their general appearance was not suggestive 
of a more prolonged illness 


Also if the penod of investigation is divided mto two parts from March to 
August, before the ‘ flare up ’, and from September onward, the ‘ flare up ’ penod, 
it will be seen that up to September there were 164 cases of malana and 64 of kala- 
azar Among the 64 kala-azar cases there was an association ivith malana m 10 , m 
five before and five at the same tune , but if the two cases Nos 6 and 7, which were 
diagnosed malana m March and 3Iay 1940 and kala-azar in March and February 
1941 respectively, be excluded on the score that malana preceded kala-azar by too 
long an mterval (the splemc enlargement m these cases being 2i inches and 1 inch 
respectively) and case No 9 is mcluded among those which showed both diseases 
at the same time, the figures would read 3 before and 6 at the same tune , a ratio 
of about 1 in 11 kala-azar cases with malana parasites in their peripheral circula- 
tions Dunng the ‘ flare up ’ there were 93 cases of malana and 170 of kala-azar 
inth an association of both diseases m five , two before and three at the same time ' 
these three cases were all found m September when there was also a shght mcrease 
in malaria For the ‘ flare up ’ penod therefore the proportion of cases with 
malana parasites m theur blood smears would be about 1 m 56, or if September’s 
figures be excluded, zero out of 139 The detection of malaria parasito m 1 of 
the 11 kala-azar patients is a higher rate than usual m hospital practice which wp 
beheNe to be more like 1 m 56 The difference in the ratios is significant and 
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would seem to vary directly with the amount of active malaria among the 
population, a condition not quite in keeping with the contention that male^a is 
suppressed by the histiocytosis accompanying kala-azar 

The increase in the nuiubei of kala-azar cases in 1939 and early 1940 may 
have been due to the generalization of the disease by the action of malaria, in 
persons harbouring sub-clinical foci of infections as visualized by Napier and 
Krishnan, but the same cannot be said of these from September onward, 
if it 13 agreed that they were inostl}'' early ones , their occurrence about the 
uuddle of the estimated period of the sandfly transmission of L donovani, 
when relatively little active malaria was present, would indicate that they 
developed from infections contracted that season and rvithout the doubtful aid of 
active malaria The absence of malaria parasites in the blood smears of well 
over a hundred kala-azar cases exanuned after September, compared with 
results before that month, would also support this contention 

The collection of sandflies from many of the dwelling houses m this area did 
not reveal the presence of abnormal numbers, and unless it be argued that there 
was an increase in the invasive powmrs of the strain of parasite present, the ‘ flare 
up ’ may be ascribed to an increased susceptibility of the population resulting from 
the epidenuc of malaria The admimstration of small doses of quimne just 
sufiflcient to control the seventy of the symptoms, combined with the general attitude 
of the people who were reluctant to swallow a bitter mixture and could not under- 
stand why they were not all given injections for them febrile condition, tended 
to the production of a chrome infection rathei than the eradication of the disease 
among a large proportion of them The result of a house-to-house survey of 
this area by a malaria survey party working under the Bihar Public Health 
Department during the winter months revealed that there was enlargement of 
the spleen in about 41 per cent and parasites in nearly 19 per cent of 456 
children of 10 years of age and less Very few, if any, of these children were 
brought to the centre for treatment though they almost certainly suffered from 
occasional bouts of fever It is very probable therefore that the ‘ flare up 
was the result of chrome malaria among the people which lowered their 
natural resistance to general visceral leishmamasis In this connection it may be 
of interest to note that bemgn tertian malaria, which gives rise to a chronic 
form more often than mahgnant tertian infections, was present m 10 of the 15 
cases in which both diseases were associated 

The absence of malana parasites from the peripheral circulations of most kala- 
azar patients from rural areas therefore may be ascribed not so much to the 
suppression of the plasmodial infection by the histiocytosis of kala-azar as to t e 
paucity of parasites m the blood of chrome cases It is also possible that t e 
generalization of an mfection with L donovam results not only by the cami^e o 
leishmama-laden cells from a sub-cbmeal focus in the skm to the visceral endot e i a 
tissues, but also to the cells being more receptive to the development o o 
parasites owmg to a certain degree of overloading with hmmoglobm 

Although the circumstantial evidence in favour of malaria predisposino to 
kala-azar is so strong, direct evidence obtained so far is comparative y scan ) 
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Both diseases are transmitted by insects which require very similar conditions of 
temperature and humidity for the development and propagation of their respective 
parasites The fact also that practically every kala-azar area is one of malaria 
may account for examples of both diseases m the same patient either at the same 
time before or after each other The detection of an association of both diseases 
m the same patient m only 15 of 234 cases, together with the occurrence of the 
‘ flare up ’ when malaria was dymg down, and the difference m the number of kala- 
azar cases showing malana parasites m their blood at different periods relative to the 
epidemic of malaria, might mean that the association between the two diseases was 
merely regional, and whatever stimulus was responsible for the epidemic of malana 
also influenced the ‘ flare up ’ of kala-azar 

"Whether malaria predisposes to kala-azar or both diseases be activated by the 
same epideuuc stimuh, from a practical point of view there is httle doubt that m 
rural areas where both diseases are prevalent, measures of control directed against 
the adult forms of the vectors which shelter together m dweUmg houses would be 
more economical and probably produce better results than measures to deal with 
their larval stages which are found m totally different environments and spread 
over wide areas 
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f T rinnmftm to hamsters by bites of infected sandflies 
The determine whether the successful results obtained the 

was repeated ^ f HI of this senes (Smith, Haider and Ahmed, 

previous year and reported m 111 or ^ 

Tolr vtTnrof^:trsH^^^^^ parasite Ih which^hf ^es w.e 
?nf^ted Parallel feedme experiments were therefore undertaken with two 
sfuof fbe! mamtottied acCOTing to the old and net, methods respectively 
The flies were aU bred under identical laboratory conditions and given 
preliminary mfectmg blood meals on the same patients m the ^me cages 
and not separated into different batches till three or fom days later, such 
flies as oviposited and took a second blood meal on the same or another 
kala-azar patient were then placed m one category and given the third and 
subsequent feeds on expenmental animals, as was the F^tice in former 
years while the remamder were fed on raisins till the tenth day before bemg 
utilized to dehver infective bites The object of the experiment was to prepare 
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the way foi the transmission of L donovam by P argentipes to a human being 
and determine whether flies had to be infected from a particular type of case if 
a successful result was to be obtained 

Transport difficulties due to war conditions prevented the importation of a 
fresh stock of hamsters from Palestine and only ten animals were available for the 
experiment It was decided to give each hamster approximately ten known 
positive feeds, and exposure of the ammals to infection was begun about the middle 
of June 

Details of the experiment and the results of exanunation of these ammals 
are given in Table I Hamsters HB 1 to HB 6 were bitten by flies maintained 
according to the old method and EH 6 to EH 10 by raisin-fed flies 


Table I 


Semi 

number 

! Placed 
under 
expon 
ment on 

Total 

flics 

fed 

1 

1 

Positive 

( 

Negative 

Unknown 

Date of 
exammation 

Result 

HB 1 

1 

17-G-40 

59 

10 

16 

33 

Lost 


HB 2 

3-7-40 

63 

10 

12 

41 

18-2-41 








Sacrificed 

Negative 

HB 3 


61 

10 

14 

27 

18-2-41 



1 17-7-40 





Sacrificed 

» 

HB 4 

, 29-7-40 

119 

16 

46 

69 

18-2-41 



1 

1 





Sacrificed i 

tl 

HB 6 

7-8-40 

84 

12 

28 

44 

18-3-41 



1 



1 


Sacrificed 

>> 

RH 6 

21-6-40 

64 

12 

24 

; 28 

13-2-41 



1 

1 

1 




Liver puncture 

positive 

RH 7 

12-7-40 

20 

9 

4 

7 

16-2-41 


1 






Sacrificed 

t 

RH 8 

16-7-40 

20 

14 

6 

1 

14-2-41 


1 

1 

t 






Liver puncture 


t 

RH 9 j 

19-7-40 

26 

11 

3 

12 

18-2-41 








Sacrificed 

• 

RH 10 

26-7-40 

85 

13 

34 

38 

14-2-41 








Liver puncture 

* 
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*V11 five hamsters bitten, by flies mamtained according to the new method were 
proved infected by the presence of parasites m fairly large numbers m the hvet- 
puncture mateiial or smears of liver and spleen tissue Four animals exposed to 
bites from flies which were given repeated blood meals were all negative , it is 
unfortunate that one of these hamsters escaped after gnawmg a hole m its cage and 
was not seen agam, but the fact that the other four were negative even by cultural 
exanunation, combined with the numerous unsuccessful results m former years 
when this method of feedmg was regularly practised, is sufficient evidence that the 
nature of the case from which the flies denve an infection does not make an 
appreciable difierence m the transmission results 

Sixteen mice were also given varymg numbers of bites from infected flies , 
excluding those which died before a sufficient mcubation period had elapsed and 
which could not be tested by cultural methods, or exa min ed satisfactorily under a 
microscope owing to decomposition changes, the results of twelve which were 
sacrificed are given m Table II — 


Table II 


Senal 

number 


Total 

files 

fed 

Positive 

Negative 

jr 2 

16-5-40 

100 

15 

49 

M 3 

a-5-40 

63 

11 

32 

JX 4 

23-5-40 

49 

8 

26 

JI 5 

23-3HS0 

44 

11 

10 

31 6 

lS-6-40 

91 

12 

41 

11 8 

27-5-40 

51 

10 

18 

11 10 

27-5-40 

89 

18 

38 

31 11 

11-6-40 

21 

14 

3 

31 13 

16-6-40 

46 

11 

15 

M 14 

18-6-40 

30 

2 

11 

31F 2 

19-8-40 

90 

19 

25 

30' 3 

31-8-40 

78 

9 

43 


Un 

known j 

1 

1 

Date of 
sacrifice 

1 

Result 

Beuauks 

' 1 

42 

13-2-41 

1 Negative 

1 

20 

18-2-41 

1 

tt 

1 

1 15 

1 

13-2-41 1 

[ Positive 

* By oulture 

1 i 

18-2-41 i 

I .. 

1 

1 38 

) 1 

21-2-41 

1 Negative 

1 

23 

20-2-41 

1 ** 


' 33 j 

2-2-41 

Positive 

By culture 

1 

4 

/ 

20-2-41 

Negative 

t 

t 

f 20 

I 1 

20-2-41 

>» 

1 

1 

17 1 

18-2-41 

>> 

1 Peeding stopped 

. 1 



1 as mouse 

4d I 

22-2-41 

Positive J 

1 pregnant. 

1 By ciilture 

1 38 j 

1 ' 

21-2-41 

Negative j 

1 

i 


ilF 3 and JIF 3 were female mice which were caged with males after they were 
gi\ en a number of infective bites to deternime whether pregnancy and lactation 
would influence the course of an infection with i donotlm. as Veither mot e 






802 


Tmiisnnssioii of Kala-azar 


produced a htter, they are classed among the others Pregnancy however did not 
eSect the result in the case of M 14 which had two positive feeds and later produced 
a htter Four of the 12 nuce which were sacrificed and examined were proved 
infected by cultural methods , this result is not as good as that obtained last year 
when the only two mice which survived the period of mcubation were both found 
infected and one showed parasites in the smears of spleen tissue , the fact however 
that on this occasion as in the previous one it was not the mice which had the largest 
number of positive bites that were lound infected would suggest that there possibly 
is a certain degree of individual variation m the susceptibility of nuce to 
leishmamasis 

To get an indication of the number of bites necessary to produce an infection, 
three hamsters were given one, two and three bites lespectively from ‘ blocked ’ flies 
The animal that had two bites died thiee months later and no parasites were found 
in smears of spleen or hver The other two were sacrificed six and seven months 
after exposure to infection , cidtures of the hamster bitten by one mfected fly were 
negative, and those of the other were unfortunately contammated It is hoped to 
repeat this experiment when time and opportumty permit 

REFERENCE 

^lUTH, Halder and Ahmed (1940) Ind Jour Med Rea , 28; 2, p 68S 
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The following experiments were carried out — 

1st January, 1941 Ten laboratory-bred sandflies Phlebotomus papatasii S 
IS'os 7 to 16 fed through a membrane on a suspension of flagellates Leishmania 
tropica The flagellates were w ashed by centrifugation in 2 7 per cent saline, and 
the final suspension consisted of flagellates m “1 parts 2 7 per cent saline and one 
part mactivated de-fibrmated rabbit blood 

After feeding through the membrane the sandflies were placed in an meubator 
at SO^C and kept in test-tubes plugged with sbghtly moistened cotton-wool 

The relatively large concentration of sahne in the imtial feed, and in some cases 
also m the first re-feed, had no adverse effect either on the egg development or 
longevity of the sandflies 

The strain of Leishmania tropica used for these experiments was mamtamed 
on Locke blood-agar Cultures were used by Dr L Katzenellenbogen for 
inoculation experiments on human bemgs and found infective 

The sandflies were taken out at various intervals and re-fed on a laboratory 
worker who had been infected vnth Leishmania tropica on 2nd November, 1926 
by moculation of flagellates from a wild sandfly caught in Jencho on 26th October 
1925 He was cured spontaneously and during the last 16 years had repeatedly 
fed laboratory-bred sandflies on himself for breeding purposes Durmg these years 
thousands of sandflies had fed on him and he had become completely immune to 
then bites which eventually produced only a transient local reaction on him 

( 803 ) 
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On 9tli January, 19J1, all the ten mfected sandflies re-fed on him (for the fourth 
time) and at least six of the bites were followed by a very distinct reaction 
indistinguishable from a Leishmamn reaction It was therefore suspected that 
flagellates had been inoculated into his skin by sandflies which re-fed on him on 
9th January, 1941 

By 12tb January, 1941, all the sandflies except one (No 16) were dead The 
remaimng sandfly was then placed in an incubator at 23°C and re-fed on various 
days on a number of volunteers It died on 23rd January, 1941 

In all other experiments the sandflies were kept at 30°C except for the short 
periods in which they were taken out to re-feed 

13th January, 1941 Five laboratory-bred sandflies Phleboiomus pafatam^ 
Nos 17 to 21 were fed on a culture of Leishmania Iropiea as above 

15th January, 1941 Sandfly No 17 re-fed on a culture as above 

27th January, 1941 Five laboratory-bred sandflies PJilebotonius mpaiasii^ 
Nos 22 to 26 fed on culture of Leishmama irojnca as above 

29th January, 1941 Four sandflies Nos 23 to 26 re-fed on culture as above 

16th February, 1941 Twenty laboratory-bred sandflies Phleboiomus 

papatasii $ Nos 27 to 46 fed on a culture as above 

18th February, 1941 Two sandflies died, the remainder (Nos 29 to 46} 
all re-fed on culture as above 

27th February, 1941 Eleven laboratory -bred sandflies Phleboiomus 

papatasii $ Nos 47 to 67 fed on culture as above (The re-feeds with the latter 
11 sandflies are not included in this paper ) 

AU the sandflies used in these experiments were laboratory-bred ones raised 
from females caught in Jerusalem They included mdividuals of the first and 
second generation bred in the laboratory 

Of the 31 sandflies Nos 16 to 46 two died 2 days, one 3 days, one 4 days, 
and one escaped 2 days after the infecting feed , the transnussion experiments 
in this paper refer only to work with the remaining 26 sandflies (The few sand- 
flies dissected after 2 days were already found to have a heavy infection extending 
to the most antenor part of the cardia } 

Up to the time of writmg — 20th April, 1941 — these 26 sandflies had produced 
28 individual lesions on four volunteers on whom they re-fed repeatedly at various 
intervals Twenty of these lesions were produced by no more (and possibly less) 
than mne sandflies and 27 of the lesions by no more than 11 sandflies 

The details are as follows — 

Volunteer No I — 

21st January, 194 1 Sandflies Nos 20 and 21 fed on volunteei No 1 (i e 8 days 
after the infecting feed , durmg this period they re-fed on other volnnteers) 

Immediately after the feed a httle fluid was seen emerging horn one o 
puncture wounds This was smeared on a shde, stained and found to , 

flagellates Most of the flagellates removed with the fluid u ere obvious y 
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On 17tli March, 1941, the lesions extended and two ulcerated 
Volunteer No 4 — 

20th February, 1941 vSandflies Nos 32 to 46 fed on volunteer No 4 

26th February, 1941 Sandflies Nos 45 and 46 fed on volunteer No 4 

17th March, 1941 One papule was noted on a site on which sandflies fed 
and on examination numerous L -D bodies were found 

Volunteer No 5 — 

6th February, 1941 Sandflies Nos 24 to 26 ted on volunteer No 5 

24th March, 1941 Two papules appeared on sites of bites of two sandflies 
Both contained L -D bodies 

Volunteer No 6 ■ — 

31st January, 1941 Sandflies Nos 22 to 26 fed on volunteer No 6 
No lesions have yet appeared 

Volunteer No 7 — 

25th February, 1941 Sandflies Nos 45 and 46 fed on volimteer No 7 
No lesions have yet appeared 

Volunteer No 8 — 

21st February, 1941 Sandflies Nos 32 to 46 fed on volunteer No 8 
23rd February, 1941 Sandflies Nos 39 to 46 fed on volunteer No 8 

27th February, 1941 Sandfly No 46 fed on volunteer No 8 
2nd March, 1941 Sandfly No 46 fed on volunteer No 8 Up to the 
present no lesions have appeared 

Volunteer No 9 — 

17th January, 1941 Sandfly No 16 fed on volunteer No 9 Up to the 
present no lesions have appeared 

Other experiments involving re-feeds of another 11 sandflies have not yet been 
read ofl; and we must wait some months before the final results of the experiments 
are known 

Analysing these experiments we find — ' 

Twenty-six sandflies produced 28 lesions after 46 mdividual feeds (of which 
at least four were not concerned with transimssion) and of these 27 were produce 
by no more and possibly by less than 11 of the sandflies and 20 by no more an 
possibly by less than nine sandflies The 11 sandflies produced 27 lesions a er 
a total of 30 individual feeds (of which at least four were not concerned ivi 
transmission) but these 30 individual feeds represented much more than the sam 
number of bites, for, as already pointed out, sandflies Nos 20 and 21 bit a eas 
ten times before obtaimng blood on 20th January, 1941. The two latter sane le 
were probably concerned m the infection of more than one vo un 
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(Nos 1 and 2) Two of the sandflies Nos 24 and 26 probably infected volunteers 
Nos 2 and 5 

The information is summarized in the Table — 


Table 


Shoinng the results of feeding on five volunteers 


Volunteer 

number 

I Number of 
infected 
sandfliea fed. 

1 Total number 
! of individual 
feeds 

1 

Total number 
of lesions 
produced 

1 

2 

2 

1 

2 

9 

a 

18 

3 

5 

14 

‘ 6 

•i 

15 

17 

' 1 

6 

3 

3 

1 2 


y B — ^The number of individual bites is considerablv 
greater than the number of mdividual feeds 


Rejiakks 

(1) The experiments were earned out with laboratory -bred sandflies which 
hatched out at a time when there were no adult sandflies m nature The sandflies 
were raised from eggs laid m the laboratory by wild sandflies and descendants of 
wild sandflies caught in Jerusalem 

(2) The experiments were earned out on human beings not exposed to natural 
infection dunng the whole course of the experiment 

(3) The lesions occurred on the exact site of bites of the sandflies used in the 
experiment 

The above are therefore reasonably controlled experiments in which Leishmama 
tropica was transmitted by the bites of sandflies 

It 13 also obvious that in the above experiments transmission of Leishmama 
tropica by the bite of laboratory-bred sandflies was accomplished with almost 
ndicnlous ease as compared to previous attempts 

In previous experiments (Adler and Theodor, 19^9) 253 sandflies Phlebotomus 
papatasn infected with Leishmama tropica re-fed repeatedly on 12 human 
beings and a puppy Only one human being became infected on a site on which 
sandflies had fed but it was thought advisable not to consider this experiment 
conclusn e because the volunteer m this experiment had hved for soine time m a 
quarter where a few cases of oriental sore had occurred and natural infection was 
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not absolutely excluded The numerous definitely negative experiments were 
impressive and required elucidation 

In numerous other unpublished experiments earned out in 1929, laboratory- 
bred sandflies vere infected either by feeding on tlie tails of mice on lesions 
swarming with L -D bodies or on cultures, and they were re-fed repeatedly on 
volunteers with a negative result 

Later (1931 and 1935), after studying infections of L infantum in P permciosus 
the conclusion was reached that sandflies deposit flagellates into any medium on 
which they feed if and only if the distal part of the epipharynx is infected We 
have seen no evidence of ejection of flagellates from the pharynx or buccal cavity 
The motility of the flagellates is not essential for their deposition from the distal 
end of the epipharynx because we have noted the deposition of both active and 
inactive flagellates by P permciosus 

The negative result previously reported may be due either to loss of mfectmty 
of Leislimania tropica in the sandfly, or to the fact that flagellates were not 
deposited into the skin during the act of piercing Human bemgs have been 
repeatedly mfected in the laboratory with Lcishmania tropica by flagellates from 
dissected sandflies Phlehotomus papatasii both naturally and artificially mfected 
(Adler and Theodor, 1925, 192G, 1927) and w'e therefore are of the opimon that the 
negative results of feeding experiments were m many cases due to non-entrance 
of parasites into the skin, i e flagellates did not invade the distal part of the 
epipharynx 

The factors which deterrmne the invasion of the epipharynx by flagellates 
are not known, but it seems that intensity of infection in the sandfly though 
important is not the only one The epipharynx is not invaded in many sandflies 
with infections so intense that numerous flagellates escape into the coelome 
The chitinous infenor surface of the epipharynx is not indiflerent and in 
many sandflies acts as an effective barrier to the forward passage of flagellates, 
although there is no anatomical barrier In an unpredictable number of sandflies 
flagellates pass readdy down to the distal end of the epipharynx 

It seemed probable that physiological conditions m the sandfly determme the 
properties of the inferior surface of the epipharynx and that in Phlehotomus 
papatasii these might in the laboratory be influenced among other thmgs by 
temperature and salt content (We were very much impressed by the fact that 
in the Jordan Valley where Phlehotomus papatasii is the only transmitter o 
Leislimania tropica the disease is very common near the Dead Sea where ^ 
has a higher sahmty and presumably the food of the larval stages of the san } 
contains more salt than in the northern part of the valley where oriental sore is 
rare In a recent settlement near the Dead Sea 90 out of 1 20 new settlers became 
infected within 9 months, while in the northern part of the Jordan Va ey no 
cases have occurred among hundreds of settlers ) 

The positive experiments recorded in this paper differed from the previ 
negative ones only in two points — 

(1) The sandflies were kept at a constant temperature of 30 C. 
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(2) The sandflies were infected by feeding on flagellates suspended m 3 parts 
2 7 per cent sabne and one part de-fibrinated blood instead of in normal salme 
and de-fibnnated blood 

Whether these factors were responsible for the positive results or whether 
the stram used was readily transmissible re m ains to be determined m 
further experiments 

It IS of course obvious that the experiments were earned out imder artificial 
conditions and it remains to be determmed how far they reflect natural ones 


S mnfAR V 

Saiuiflies Phlebolomus papatasii were infected with Leishmania tropica by 
feedmg on flagellates suspended m 3 parts 2 7 per cent salme and one part 
de-fibnnated blood and after feedmg were kept at a temperature of 30°C 

The sandflies re-fed on mne human bemgs of which five have so far 
become infected 

Twenty-six infected sandflies were mvolved m the production of 28 mdivi- 
dual lesions among the five volunteers , 18 of the lesions occurred on one 
volunteer on whom mne sandflies had fed two lesions on a volunteer on whom 
three sandflies had fed, one lesion on a volunteer on whom two sandflies had fed, 
SIX lesions on a volunteer on whom five sandflies had fed, and one on a 
volunteer on whom 15 sandflies had fed- (As seen m the text, a number of 
mdividual sandflies fed on more than one volunteer ) 

Not more than mne sandflies were responsible for 20 and more than 11 
sandflies for 27 of the lesions after 30 mdividual feeds distributed among four 
volunteers , but these 30 mdividual feeds mvolved considerably more than 30 
bites 


Leishmania tropica has been transmitted to man by the bite of Phlebolomus 
papatasii 
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NOTE ON AN INTRACELLULAK STAGE OF LEISHMANIA 
CHAMELEONIS, WENYON 1921 


BY 

J FEENKEL 

{From the De^iarlment of Parasitology, Hebrew University, Jerusalem } 
[Received for publication, 3Iay 3, 1941 ] 

We esammed the stools of ten specimens of Chameko vulgans and found 
flagellates, Leishmania chameleoms, in four Of the sis negative animals, five 
became infected after a smgle rectal mjection of faeces containmg Leishmania 
chameleoms and one after introducmg a small amount of infected faeces mto its 
mouth The latter ammal died six days after infection and numerous flagellates 
were found both m the small and large mtestmes 

The parasites ive studied call for no special description smce they did not differ 
in any respect from those observed by Wenyon (1921) except m one case descnbed 
below — 

A chameleon which had been kept m the laboratory for six weeks was injected 
rectally with faeces (diluted with salme) contammg Leishmania chameleoms 

On the following day active flagellates of Leishmania chameleoms were found 
m the faeces Five days later heart’s blood was sown on two tubes Locke serum 
agar and no flagellates were observed m the tubes during an observation period of 
two weeks 

Two ueeks after the initial rectal mjection the animal appeared monbund 
and was sacrificed Sections of all parts of the large mtestme showed flagellates 
m the lumen m close proxmnly to the epithebmn In some parts flagellates had 
mvaded the mucosa where they did not appear to be mgested by any cells A 
httle above the cloaca Leishmania chameleoms was found inside epithehal cells 
(Fig 1) The parasites had the form of L -D bodies and were enclosed m 
vacuoles in the cytoplasm of the epithelium, one or two parasites lying inside 
each vacuole They were situated both distally and proximally to the nucleus of 

( 811 ) 
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INTESTIGATIONS INTO THE EPIDEMIOLOGY OE 
EPIDEMIC DROPSY. 

Part XIII. 

APPLICATION OF THE BIOLOGICAL TEST TO MODEFIED 
AEGEMONE OIL AND ITS DERIVATIVES 


R B LAL, MB,BS,DPH,DTM & H,DB,PNI, 
A C DAS GUPTA, l m p , 

S P AGARWALA, m.a (Econ ), m a (Math ), llb , 


B ADAK, MB, D p H 

(AJt Inquiry under the Indian Research Fund Association ) 

{From the Department of Vital Statistics and Epidemiology, All-India 
Institute of Hygiene <£ Public Health, Calcutta ) 

[Received for pnbbcatiOD, May 22, 1941 ] 

In Part XI of this senes {vide la\ el al , 1911) an account was given of a 
biological test for determining the toxicity of samples of od Although the results 
obtamed justified the use of the method for this purpose, certam important 
information regardmg the ammals used was lackmg which made it necessary to 
make some assumptions Thus, m the absence of the knowledge of the age of the 
rat at the coi^encement of the experiment it was necessary to assume that the 
rodent had hitherto followed the growth curve according to Donaldson’s expenence 
and subsequent deviation, if any. could be ascnbed to the experimental tr^tment 

( 813 ) 
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This assumption overlooked the possible influence of the different basic diets or of 
the different environmental conditions to which these ammals had been subjected 
as compared with Donaldson’s stock Moreover, the duration of some of the 
experiments was not quite adequate To remedy these deficiencies but primarily 
to determme the toxic properties of certain derivatives of toxic oils and of modified 
oil produced by the action of some physical agents or by extraction of certam 
fractions, a further series of experiments was earned out For details of the 
experimental procedure and for the methods of appreciating the results reference 
should be made to the communication named above 


Material used 

Itats — The stram of rats used was the same as employed m the previous 
series The age of the rodents which vias defimtely known, varied from one to 
two months at the commencement of the experiments Before admimstermg 
the experimental treatment, the ammal was kept foi sometime on basic diet 
In a number of cases it was possible to use animals from the same litter for the 
experimental and control groups The treatment was, as a rule, contmued for 
two months or more. 


Groups of animals according to the nature op the 

MUSTARD oil USED 

(1) White crystalline substance {w c s )* added 

(o) Group I — ^Fed on solution of w c s in pure mustard pil eqiuvalent 
to a 10 per cent concentration of argemone oil Thus, 1 c c of the 
solution contamed 0 20 mg of w c s The group consisted of 
a pair of male and female rats 

(6) Group II — Given daily c c by mtramuscular and subsequently by 
subcutaneous mjections of w c s dissolved m ohve oil to give a 
concentration of 0 40 mg per c c The two rodents included m 
this group were both males 

(2) Crystalline free hose {cfb)* 

Group III — ^Fed on solution of c f b m pure mustard oil, 1 c c contained 
0 196 mg which is equivalent to about 10 per cent argemone oi 
The group consisted of two male and two female rats 

(3) Residue of argemone oil after abstraction of cfb dissolved in pure 

oil — Ether stiU remaimng in the solution was driven off by « 

in a water-bath and by passmg a current of air The last traces of c 
removed by repeated washings with water To ehnunate moisture ime 
chloride was used The extinction coefficient of the final product ( er o 


* For deUils see Part XH of this senes (Mukherji et al , 1941) 
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'witli pure mustard ovl to obtam 10 pet cent concentration) was reduced to 0 46 
wbich was eqmvalent to 0 4 per cent of argemone oil 

(o) Group IV — ^Fed daily with 0 015 c c to 0 15 c c of the residue A 
pair of male and female rats was fed on this product A third 
rat ongmally included m this group died m a fortmght 

(h) Gboup V — Fed on the same material to which w c s had been added 
to obtain a concentration corresponding to 10 per cent argemone 
od It comprised of one male and two female rats The object 
of this treatment was to test the hypothesis that the toxic agent in 
' the argemone od was a compound contaimng two radicles One of 
these was abstracted m the form of c f b (which is practically 
identical with w c s ) and the other remamed behmd and was 
hable to be converted mto the ongmal toxic compound on addition 
of w c 8 to the residue 

(4) Argemone oil modified by treatment with light 

Argemone oil exposed to direct sunhght for 60 hours was thus reduced to 
0 per cent of the ori gina l 

Group VI — ^Fed on the modified od dduted with pure mustard od to the 
extent of 10 per cent The group imtially consisted of one male 
and one female rats but the former died m 18 days 

(5) For purposes of control the following materials were used — • 

Argemone od control 

Group VII — ^Put on diet contaimng 10 per cent argemone od in pure 
mustard od This group compnsed of one male and one female 
rats 

Group Vlil — ^Fed on pure mustard od There were three male and two 
female rats m this group 

Group IX. — Consistmg of one male and one female rats was mamtamed 
on the basic diet of the same composition as used m previous 
expenments 

The results obtamed are set out m Table I, and in Charts 1-a to 9-6 (tide 
Appendix for mathematical discussion of growth curves) 


Discussion 

The histological findmgs would mdicate that like the argemone od, w c s 
certain extent c f b exerts poisonous effect on rats when added’ to the 
food but given subcutaneously wcs does not manifest such a result the 
aweUmg of the feet might have been due to local mechamcal effect The weight 
charts support the above evidence in regard to w c s , but not with regard^to 
c f b Argemone oil after removal of c f b or modificabon through ^osure 
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to bgiit witli loss of reactivity to cbemical and physical tests, becomes biologically 
inactive in so far as may be i^erredfrom the histological evidence Unfortunately 
the experiment could not be continued for a sufficiently long penod to follow 
changes in the weight curves with confidence though the available data show 
retardation in growth As may be expected addition of w c s in the former case 
brmgs back tbe poisonous properties Barring sbgbt evidence of dilatation and 
congestion of capillaries m one or two observations mustard od by itself does not 
cause any poisonous effects and the curves of growth though shghtly lowered 
correspond to those of the rats put on the basic diet 
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Chart 2 

Growth of male rats on loc s injection 
{group II) 
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Chart 3-o 


Growth of male rats fed on cfh vi pre 
mustard ml {group HI) 
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Ghaut 9-o 

Growtl of a male rat fed on ham diet 
[group IX) 


Pearl’s (1926) skew logisfcw curve with ± 2s. 
— Growth of rat No 163 
+ M’eekly weights of rat No 163 
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Chart 9-6 

Growth of a female rat fed on basic diet 
[group IX) 
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The statistical method of approach for testing whether the rats put on 
different treatments follow ed the logistic curve of grow th was outhned in a previous 
commumcation It -was shown that the logistic curve gets transformed mto a 
straight hne if relative growiih rate is plotted against weight 

Table II below gives the relative growth rates of mdividual rats against their 
weight 

Table II 


The relative growth rates of rats against weekly weights 
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Table II — contd» 
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mESTIGATIONS INTO THE EPTOBMIOLOaT OB 
BPIDBMIC DROPSY 

P«t XIV 

»i.®Tirar TLXPERBIEOTS on HUIUN SOBJEOTS TO TEST THE 
OT SOME OP THE BBEmlTVES AND 
modieioations op .argbmone oil 


BY 


R B LAL, MB, BS, DPH, DTM &H, BB, BNI, 

A, C BAS GUPTA, bmf, 
s p MDKHERJI, msc. 


AND 


B ABAK., MB, BPH. 

{An hujuinj U 7 ider the India7> Research Fund AssoaaiiOfi) 

{From the Deparlnient of CdM 

hishiute of Hygteiie & Public Health, Calcutta ) 

[Received for publication. May 22, 1941 ] 

Ik the last commimMtion SJte '"’m 

to Sw'S^onTo.i’"™ bioiigi^uy “ft™ Tty “f ■"‘‘““f s 

on rats tlie essential lustological changes of the disease of 

of causing definite retardation in their grovrth curve It was shown that argemone 
oil from which the cfh has been extracted or which has been exposed to hght 

for sufficiently long time became biologically mactiye P ® ^ ® fXn^empT 
chemical and the biological tests was thus satisfactorily demonstrated However, 
before these results could be apphed to human bemgs, it was necessary carry 
out experiments on man 


V 
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Epidmme Dropsy 

Three human feeding expenments were carried onf- i 

aTopteV“'“^“= reported m Part Y of th.s serr^rLutd 
Experiment I 

The object of the experiment was to test the toxic properties of cf b The 
basic food was he same as in the original experiment referred to above but the 
nee, the c7mp««is aud othei articles of food except culinary fat were ’supplied 
from general kitchen Besides, the early mornLig meal was tren K 
volunteers the general file and the special oil was used for cooking two 
only Considerable difficulty was experienced in obtaimng healthy volunteers 
^ou^ numbers and this restricted the numbers inckded in^he various 

f ^ volunteers to begin with Mustard oil containing 

c b eqiuvalent to 5 per cent argemone oil according to colorimetric test was 
the cuhnary fat One volunteer refused co-operation oil the second day and his 
place was taken by another man on the fourth dav 

Grmp 2 ^Two volunteers were included in this group one of whom joined 4 
days after the commencement of the experiment Their food was cooked in 
5 per cent aigenaone oil from which cf b had been removed according to the 
techmque desenbed m Part XII {mde Mukherji et al , 1941) 

Group 3 Consisting of 3 volunteers, was fed on 5 per cent argemone oil to 
serve as positive control This part of the experiment had to be abandoned 
after 6 days for want of co-operation 

The first two groups continued on the special diet for 20 days Tlie 
details of feeding and the results obtained are stated m Table I — 


Table I. 

Experiment I Details of feeding and results 


Group 

number 


number 




No symptoms 

Fever for one day uith pain m left flank after 
taking ounces of oil 

No symptoms 


Sbght fever with cold and headache for one day 
after takmg 274 ounces of oil 


No symptoms 
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Table I — concld 


Group 

number 

! IndiViiIml 
number 

1 Period of 
feedmg 
(diys) 

Amoimt of 
oil taken 
(ounces) 

Results 



\ 

1 

2 

Withdn.H' CO operation after one day 


1 


B 

■1 

9 

Fever for 2 davs with discomfort in 
after takmg 9 ounces of oil 
withdrew co operation 

abdomen 
He then 



1 

c i 

4 

00 

Withdrew co operation 



Expebdceot n 

Object — To test the*toxicity of c f b , w c s and bght'treated argemone oil 

The e'^eriniental technique was the same as m the previous experiment 
except that the diet was more bberal Thus, mutton was substituted for fish on 
alternate days instead of once a week and a piece of lemon twice a day instead of 
tomato and duxmg the first H days, 4 ounces of milk curd (dahi) was given on 
alternate days Later on it was replaced by 8 ounces of mdk To begin with, 
the oil was given m smaller quantities (1 1 ounces per head per day) but from the 
tenth day it was increased to 2 ounces per head per day There were six groups 
of 3 volunteers each 

Group 1 — ^Received 5 per cent mixture of bght-treated argemone oil m pure 
mustard oil The method of preparation has been descnbed in. Part IX of this 
senes (vide Lai et al , 1940) The resultant mixture gave extinction coefficient 
\ alue of 0 48 at 4,600 A U which was equivalent to 0 45 per cent argemone oil 

Group 2 — ^The od was the same as in group 1 mth the addition of c f b 
equivalent to 5 per cent argemone oil 

Group 3 — Received w c s in pure mustard oil equivalent to 5 per cent 
argemone oil 

Group 4 — Was put on 5 per cent argemone oil m pure mustard od from which 
c f b have been removed The extmction coefficient value of the resultant 
mixture was 0 1 at 4,600 A U which was roughly eqmvalent to the same per cent 
of argemone od 

Group 5 —Received the same od as group 4 with the addition of c f b 
equivalent to 5 per cent argemone od, the mixture being incubated at 37°C 
o\ ermght The object of mcluding this group was to see whether m remo%nng 
c f b a radicle was left behmd which though qmte non-toxic by itself would 
re combme wuth c f b to form the toxic substance, assuming c f b by itself to 
be non-toxic 

6 —This was positive control with 5 per cent argemone od The 
uetails of feedmg and of the results pbtamed are given m the Appendix 

J, mb 
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Efide/ime Dropsy 


Tliree human feeding experiments were carried out The general expen- 
meutal techmque reported m Part V of tlus senes {vide Lai and Eoy, 1937) was 
adopted 

Experiment I 

The object of the experiment was to test the toxic properties of cf b The 
basic food was the same as m the original experiment referred to above, but the 
nee, the cJiaputUs and othei articles of food except culinary fat were supplied 
from general kitchen Besides, the early mormng meal was taken by the 
volunteers in the general file and the special oil was used for cooking two meals 
only Considerable difficulty was experienced in obtaimng healthy volunteers 
m sufficient numbers and this restricted the numbers included m the various 
groups 

G-roup 1 — Consisted of 3 volunteers to begin ^vlth Mustard oil contaimng 
c f b eqmvalent to 5 per cent argemone oil according to colorimetric test was 
the cuhnary fat One volunteer refused co-operation orf the second day and his 
place was taken by another man on the fourth day 

Group 2 — Two volunteers were included m this group one of whom joined 4 
days after the commencement of the experiment Their food was cooked m 
5 per cent argemone oil from which c f b had been removed according to the 
techmque described m Part XII {vide Mukherji et al , 1941) 

Group 3 — Consistmg of 3 volunteers, was fed on 5 per cent argemone oil to 
serve as positive control This part of the experiment had to be abandoned 
after 5 days for want of co-operation 

The first two groups continued on the special diet for 20 days The 
details of feeding and the results obtamed are stated in Table I — 

Table I. 


Experiment I Details of feedinq ami results 
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effect re-conibniation mto the original toxic substance or loss of some constituent 
whicli nuglit have occurred during the process of isolation of c f b may explain it 


Conclusions 

1 Fractions obtained from argemone oil by the processes of saponification 
and extraction with hydrochloric acid gas have not proved toxic to man although 
they react specifically to chemical tests and induce essential histological changes 
111 white rats 

2 The residue of argemone oil left after extraction of the fraction with hydro- 
chloric acid gas is non-toxic to man 

3 Adequate exposure of argemone oil to hght renders it non-toxic 

4 These observations suggest that the treatments so far employed, isolate 
only a portion of the toxic radicle and neither of the split products are toxic 
Ee-combination of the spht products mto the onginal toxic molecule has not been 
effected bj the methotls so far employed 
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Experiment HI 

This was virtually a continuation of experiment II and consisted of only one 
group of 3 volunteers The oil used was a 6 per cent mixture of light-treated 
argemone oil in pure mustard oil to which the w c s eqmvalent to 6 per cent 
argemone oil had been added The feedmg was carried out for 23 days and each 
volunteer consumed 45 oimces of oil 

The results are given in Table II — 


Table II 


Experiment III — Delaik of feeding and results 


Group 

number 

Individual 

number 

Penod of 
feedmg 
(days) 

Amount of 
oil consumed 
(ounces) 

Results 



I 

23 

4fi 

No symptoms 

1 


n 

23 

46 

Loose motions with discomfort m the abdomen 
and pam all over the body after the con 
sumption of 32 ounces of od It continned 
for 3 days 



III 

23 

46 

Pam m the lower bmbs, after the consumption 
of 46 ounces of oil 


Discussion 

The results obtained in expenment II, group 6, confirmed the conclusion 
regarding the causative rdle of Aigemone meximna oil m epidemic dropsy 
Although some suspicious signs and symptoms were produced by w c s andcfb 
fractions of argemone od, they were not sufficiently grave to justify being labelled 
as epidemic dropsy In this respect the chemical and the biological tests faiiw 
as complete tests of toxicity Since, however, these purified fractions are not btely 
to be met with in oil as sold in the market, the practical value of either tests does 
not suffer m any way Smce both the isolated fractions and the residue left 
extraction of c f b are non-toxic, the simple inference that may be drawn is tna 
the latter constitutes only a part of the toxic molecule found m argemone o 
Smce, however, addition of c f b or w c s to the residue left after the extraction 
of the former fraction does not result in a toxic product, it may be argued that non 
toxicity of the residue or of the fractions is due to modification of the toxic su 
stance rather than to its being split up While, we are not in a position to dispu o 
this possibdity, the separation of c f b by a relatively gentle treatment wou ^ 
support the hypothesis of sphtting rather than of radical modification, 
when it 13 remembered that the toxic substance in the od is able to withstand hea n o 
to the high temperatures involved in cooking food The simple process of 
the c,f b or w c a. with the residue may lack the necessary chemical energy 
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Group 1 (arfftmoiie oil modified by light), volunteer No 6 — AVeH developed, healthy and bn^ht, 
cane worker, 27 years, been m the mstitubon for 3 months, no previous history of illness, no complamta 
since admission Height 6 feet IJ inches Weight 116 lb 
Duration of feeding Jst August, 1040 to 30th August, 1940 
Total amount of oil consumed 69 ounces. 

Signs and symptoms after the commencement of feeding NiL 
General appearance Unaltered 

Weights 28th July, 1940, 116 lb , 7th August, 1940, US lb . 17th August, 1940, 120 lb , 
30th August, 1940, 120 lb , 28th September, 1940, 120 lb 
Urme Kothmg abnormal 

Group 2 {light treated argemone oil with c.f b added), volunteer No 7 — Well developed, hnght 
aud active, durnc weaver, 34 years, been m the mstitute for 16 months, no history of previous illness 
exceptmg a bubo on the nght side and ocoaaional glossitis Height 5 feet 6J inches Weight 
135 fb 

Duration of feedmg lat August, 1940 to 30th August, 1940 

Total amount of oil consumed 68 ounces 

Signs and symptoms after the commencement of feeding — 

Subjective symptoms — 

I9th August, 1040 Discomfort m the abdomen after the consumption of 34J ounces of oil 
Physical signs — nothing abnormaL 

Weights 26th July, 1940, 135 lb , 7th August, 1940, 136 lb , 17th August, 1040, 135 lb , 
30th August, 1040, 136 lb , 28th September, 1940, 133 lb 
Urme Nothing abnormal 

Group 2 {light treated argemone oil with o jh added), volunteer No 8 — ^IVeU developed, healthy 
and active, dume -weaver, 24 years, been m the institution for one year, no history of previous illness, 
no complamta sinco admi^on Height o feet 3 inches Weight 128 lb 
Duration of feedmg 14th August, 1940 to 30th August, 1040 
Total amount of oil consumed 36 ounces 
Signs and symptoms after commencement of feedmg — 

Subjective symptoms — 

19th AuMt, 1940 Pam and discomfort m the abdomen after the consumption of llA ounces 
of oih 

Physical signs Nil 

Weights 4th August, 1940, 128 lb , I7th August, 1940, 125 lb , 30th August, 1040 131 lb 
28th September, ItM, 120 lb ’ ’ 

Urme Nothmg abnormal 


Group 2 {hghUreated argemone oil with cfb addai), volunteer Ao 0 — Well developed acti\o 
and bright, coir string maker, 35 years, been in the institution for 4 months, ao history ^ ^vioua 
lUness and no complamta amce admission Height 6 feet 5 mches Weight 119 Ib 
Duration of feedmg 1st August, 1940 to 30th August, 1040 
Total amount of oil consumed 58 ounces. 


Signs and symptoms after commencement of feedmg Nil 

Weights 28th July, 1940, 110 Ib , 7tb August. 1940 , 117 lb . 17th August, 1040 117 Ih 
30th August, 1940, 110 Ib , 28th September, 1940, 121 lb ^ 


Urme Kothmg abnormaL 


Group 3 (me a ni mustard ml), volunteer No 10— Hell developed, active and bnsKi u i. 
maker, 24 years, been m the mstitntion for 2 months, no pre^us of 

13™^^*’ admission excepting a pentonsdlar abscess Height 5 feet 4^m^e8^WeigU° 


Duration of feeding 1st August, 1940 to 30th August, 1040 
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APPENDIX, 

Examination of tlie individual volunteers 

Eor the sake of brevity, the negative findings have been omitted and mention 
IS made only of such signs and 33nnptom3 as have a direct bearing on the disease 

Experimfnt II 

Qroup 1 (arf/emonc oil modified by light), volunteer No 4 — ^\Vell developed, active and bright, 

5 years, durrtc Mtaver, no previous illness, no complaints since admission 2 months ago Height 
feet 7 inches Weight 140 lb 

Duration of feeding Ist August, 1040 to 27th August, 19-10 
Total amount of oil consuuied 52] ounces 
Signs and symptoms after the comnicnceinent of feedmg — 

Subjective symptoms — 

19th August, 1940 Loose motions after consumption of 34 ounres of oil 
20th August, 1940 Gurgling sensation in the abdomen 
26th August, 1940 Paiii aiound the umbilicus 

27th August, 1940 Pam, burning sensation all over the body and fever during the previous 
night 

28th September, ^1940 Weakness and pam over the precordia 
Physical signs — 

General appearance — not much changed 

Weights 28th July, 1940, 138 lb , 7th August, 1940, 136 lb , 17th August, 1940, 137 lb , 
30th August, 1940, 134 lb , 28th September, 1940, 139 lb 
28th August, 1940 Slight nse of temperature (99 6“F ) which persisted for 3 days and then 
subsided 

6th September, 1940 Heart examined — nothing abnormal found no cedema of legs noticed, 
nor pitting on pressure 
Urme Nothmg abnoniial 

Qroup 1 {argemcme oil modified by light), volunteer No 6 — Well developed, active and bright, 
23 years, dvrrie -weaver, been m the institution for one year, no previous illness, no complaints since 
admission Height 6 feet 4 inches Weight 126 lb 

Duration of feeding 1st August, 1940 to 20th August, 1940 

Total amount of oil consumed 37 ounces 

Signs and symptoms after the commencement of feedmg — 

Subjective symptoms — 

20th August, 1940 Fever -with pam all over the body and perspiration after consumption 
of 36f ounces of od 

24th August, 1940 A sensation of numbness on the nght side of the face and arm 
26th August, 1940 Humbness and pam all over the body 
6th September, 1940 Distaste for food 
Physical signs — 

General appearances Weak and shghtly reduced 

Weights 28th July, 1940, 126 lb , 7th August, 1940, 126 lb , 17th August, 1940, 126 Ib , 
30th August, 1940, 122 lb , 28th September, 1940, 120 lb 
20th August, 1940 A high nse of temperature (103°F ) with perspuation The teinperaturc 
came down to normal, the very next day and the physical pam also dinunis ei 
Exammed for oedema up to 28th September, 1940, but nothmg found 
Dnne Nothmg abnormal 
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Group u (arffcinone oil minus c fb), volunteer No 14 — developed, active and bright, durric 
\rea\ er, 35 j ears, been in the matitution for one year, history of meningitis 3 j ears back and 
uinonhoaa about the same tune, complamed of occasional pam over the splemo region with fever 
Height 6 feet 1 moh Weight 117 lb 

Duration of feedmg Ist August, 1940 to 22nd August, 1940 (refused co operation) 

Total amount of od. consumed 41 ounces 

Signs and symptoms after the commencement of feedmg Nil 

Weights 28th July, 1040, II7 lb 7th August, 1940, 114 lb , 17th August, 1940, 120 lb , 
30th August, 1940, 122 lb , 28th September, 1940, 110 lb 
Urmo Jiothmg abnormal 

Group 4 {atyemone oil minus cfb) volunteer Ao 16 — ^IVell developed, healthy and bright, 
carpenter, 27 jears, been m institution for 2 mouths, historj of hookworm, complamed of oetasional 
hyperaciditj with pam oi er gastric region Height 6 feet 7^ mohes AA eight 1441b 
Duration of feedmg Ist August, 1040 to 30th August, 1940 
Total amount of oil consumed 57^ ounces 
Signs and symptoms after the commencement of feedmg Nil 

Weights 2Sth July, 1940, 144 lb , 7th August, 1040, 142 lb 17th August, 1940, 142 lb , 
30th August, 1940, 144 lb , 28th September, 1940, 140 lb 
Unne Nothmg abnormal 

Group 5 {argenione oil minus cfb plus c.fb ), volunteer No 16 — Moderately developed, actiio 
and bright, coir mat maker, 28 years, history of syphihs 0 years back, hard inguinal glands felt, 
no complWts smee admission to the institution one month ago Height 6 feet 4j mohes 
Weight 110 lb 

Duration of feeding 1st August, 1940 to 26th August, 1940 (refused meal after this date) 

Total amount of oil consumed 43 ounces 

Signs and symptoms after the commencement of feedmg — 

Subjective symptoms — 

24th August, 1940 Haematuria after the consumption of 424 ounces of oil 
19th September, 1940 Diarrhosa with blood and mucus m the stooL 
Physical signs — 

General appearance Hot altered 

AVeights 28th July, 1940, 110 lb , 7th August, 1940, 108 lb , 17th August, 1940, 110 lb 
30th August, 1940, 112 lb 

25th August, 1940 Kept on observation m the hospital but no trace of blood m unne 
could be found out 


Group a {argemone ail minus c fb plus cfb ), volunteer No 17 — ^AA''ell developed, active and 
bnght, darns weaver, 28 years, no history of past illness, no complamts smee admission to the mstitu 
tion 6 years ago eiceptmg occasional glossitis. Height 6 feet 4 inches AVeight 134 lb 

Duration of feeding 10th August, 1940 to 30th August, 1940 

Total amount of oil consumed 43 ounces 

Signs and symptoms after the commencement of feedmg — 

Subjective symptoms — * 

21at August, 1940 Pam m the jomts after the consumption of 23 ounces of oiL 
Physical signs Nil 

Weights 10th August, 1940, 134 lb , 17th August, 1940. 136 lb , 30th August 1940 
130 lb , 28m September, 1940, 139 lb ’ ’ 

Drme Hothmg abnormal. 


Group 6 (argenujiie oil minus cfb plus cfb), volunteer Ao 18 
bright, coir strmg worker, 34 years, been m the institution for 4 months 


-^parely built but active and 
, history of ankylostomiasia and 



840 


Bpidemic Dropsy 


Total amount of oil consumed 68 ounces 

Signs and symptoms after the commencement of feeding A'l/ 

Weights 2l8t July, 1040, 130 lb , 7th August, 1040, 135 lb , 17th August, 1040, 130 lb , 
30th August, 1040, 141 lb , 28th September, 1040, 138 lb 
Urme Nothmg abnormal 


Group 3 {to 0 6 til inuslard oil), loluntecr No 11 — Moderately developed, active uud bright, 
brush maker, 2G years, been in the institution for 2 months, no history of prev lous illness, no coinpl iints 
smec admission Height 5 feet 2^ inches Weight 124 lb 

Duration of feedmg let August, 1040 to 30th August, 1040 

Total amount of od consumed 68 ounces 

Signs and symptoms after the commencement of feeding — 

Subjective symptoms — 

13tb August, 1040 Pain all over the body after consumption of 21 ounces of oil 
20th August, 1040 Weakness, physical pam and dimness of vision 

22nd August, 1040 Pam around the umbilicus Ho continued complummg of the above 
symptoms up to the end of the experiment 
General appearance Not altered 

Weights 21st July, 1040, 124 lb , 7th August, 1040, 110 lb , 17th August, 1040, 120 lb 
30th August, 1040, 122 lb , 28th September, 1040, 120 lb 
22nd August, 1040 Eye exanuned No abnormahty found He was exammed repeatedly 
for oedema of legs up to 22nd October, 1040, but no oedema was found 


Group i {wc a tn viualurd oil), volunteer No 12 — Well developed, active and bright, brush 
maker, 32 years, been m the mstitution for one year, no previous illness exceptmg occasional dysentery 
and glossitis Height 5 feet 3 inches Weight 140 lb 

Duration of feedmg Ist August, 1940 to 30th August, 1040 

Total amount of od consumed 664 ounces 

Signs and symptoms after the commencement of feedmg — 

Subjective symptoms — 

13th August, 1040 Pom aU over the body after consumption of 21 ounces of oil 

20th August, 1940 Weakness and dimness of vision 

27th August, 1940 Giddmess and pam nU over the body Ho coutmued compliuiung of 
these symptoms up to the end of the experunont 

Physical signs — 

General appearance Not much altered 

Weights 21st July, 1940, 140 lb , 7th August, 1940, I30ib , 17th August, 1040, 130 lb , 
30th August, 1940, 142 lb , 28th September, 1940, 140 lb 
Eye exammed by ophthalmologist on 22nd August, 1010, 29th August, 1940 and 23 
September, 1940 

Short sightedness R E — 6/0, L E — 6/12 No other abnormahty He was oxaimuca 
repeatedly for oedema of legs but none found 


Group 4 {anjcinone oil minus c fb), volunteer No 13 — Well developed, active aud b = V ^ 
weaver, 28 years, been m the mstitution for 2 mouths, no history of pre^ous dlneas, no 
smeo admission exceptmg occasional hyperacidity of the stomach Height o icot j 
Weight 126 lb 

Duration of feeding 1st August, 1940 to 30th August, 1940 


Total amount of od consumed 62 ounces 
Si"ns and symptoms after commencement of feeding Nil 
° Weights 28th July, 1940, 126 lb , 7th August, 1040, lb , 
lb , 30th August, 1940, 126 lb , 30lh September, 10-10, 120 

Urmc Nothmg abnormal 


17th August, 1010, 
lb 


J2J 
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Weights 28th July, 1940, 142 lb . 7th August, 1040, 142 lb , 17th August, 1940, 142 lb 
28th September, 1940, 139 lb 

22nd August, 1940 Eye eiammed by ophthalmologist R E 6/9 Othemisc normal 
loth August, 1940 Doubtful oedema of legs 

21st August, 1940 Defizute mdema, pitting on pressure commenced after consumption of 
38 ounces of oil The mdema gradually increased aud on 24th August, 1040, it became 
very much marked and exhibited oharactenstio red flush 
3rd September, 1940 Heart examined, nothing abnormal found excepting marked accentua 
tion of pulmonary 2nd sound uith ahght tachycardia Pulse 00 
11th September, 1940 Harked pigmentation of face 
Unne Hothmg abnormal 

Group 0 (argemone oil), tolunUer A'o 3 — ^Well developed, active, -weaver, 32 years, no previous 
illness excepting occasional enlargement of left testis, no complamts smeo admission IJ years ago 
excepting occasional glossitis Height 5 feet 7 mehes Weight 139 Ib 
Duration of feeding Ist August, 1040 to 30th August, 1940 
Total amoimt of od consumed 43 ounces 
Signs and symptoms after commencement of feedmg — 

Subjective symptoms — 

12th August, 1940 Pam m jomts after consumption of 19 ounces of od 
20th August, 1940 IVeakness and dimness of vision and loss of appetite 
2lBt August, 1940 Pam and discomfort in tho abdomen and mcompleto evacuation of 
bowels 

10th September, 1940 Fever at night and weakness 
Physical signs — 

General appearance run down and much reduced 

Weights 28th July, 1940, 139 lb , 7th August 1940, 135 lb , 17th August, 1940, US lb , 
30th August, 1940, 136 lb , 29th September, 1940, 120 lb 
22nd August, 1040 Eyes exammed by ophthalmologist No abnormahty found 

27th Au^st, 1040 Definite mdema of legs, pits on pressure after consumption of 40 ounces 
of ofl. 

11th September, 1040 Heart pulmonary 2nd sound accentuated False 82 
Urme Nothmg abnormaL 
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bubo left side with some hard glands paliiablo in inguinal region Coinplamtd of occasional pain 
around the umbihcus Height 5 foot 4 inches AVeight 112 lb 

Duration of feeding 1st August, 1940 to dOth August, 1040 (missed ono meal for pam m the 
abdomen) 

Total amount of oil consumed 42 ounces 

Signs and symptoms after the commencement of feedmg — 

Subjective symptoms — 

J4th August, 1940 Pam m the abdomen after the consumption of 21 ounces of oil 
19th August, 1940 Pain in the abdomen and prccordia and refused meal m the opening 
19th September, 1940 Perennial abscess 
Physical signs — 

General appearance not much altered but after the abscess ho u us much reduced 
Weights 28th July, 1940, 112 lb , 7th August, 1940, 109 lb , 17th August, 1940, 109 lb , 
30th August, 1940, 110 lb , 28th September, 1940, 101 lb 
19th September, 1940 Perennial abscess and uas admitted mto the hospital 
Dime Nothmg abnormal 

Group 6 {arrjemone oil), xolunleer No 1 — Well developed, active and bright young man, 26 years 
history of typhoid and bubo 41 years back, no complaints since admission to tho mstitution 14 
months ago excoptmg occasional pam around tho umbilicus A few enlarged glands palpable m the 
inguinal region Height 6 feet 6 inches Weight 137 lb 

Duration of feedmg Ist August, 1940 to 30th August, 1940 

Total amount of od consumed 49 ounces 

SignS and symptoms after commencement of feeding — 

Objective symptoms — 

12th August, 1940 Pam m the jomts after tho consumption of 19 ounces of oil 
20th August, 1940 Weakness and dimness of vision 
22nd August, 1940 Loose motions and loss of appetite 
11th September, 1940 Sleeplessness and weakness 
Physical signs — 

General appearance duU, seedy and much reduced 

Weights 28th Jidy, 1940, 137 lb , 7th August, 1940, 137 lb , 17th August, 1940, 13J ib , 
30th August, 1940, 134 lb , 28th September, 1940, 129 lb 
22nd August, 1940 Eye exammed by ophthalmologist No abnormahty found 
20th August, 1940 Definite mdema of both tho legs, pits on pressure and mcreased m the 
evenmg began after consumption of 47 ounces of od 
Urme No abnormahty found 

Group 6 {argemone oil), lolunleer No 2 — ^Well developed, active and bright, weaver, 33 } cars, no 
previous illness exceptmg gonorrhoea, no complamt smoe admission 2 years ago exceptmg occaaioM 
glossitis Height 6 feet 6 mches Weight 142 lb 

Duration of feedmg 1st August, 1940 to 26th August, 1940 

Total amount of od consumed 46 ounces 

Signs and symptoms after commencement of feedmg — 

Subjective symptoms — 

12th August, 1940 Pam m the jomts after tho consumption of 19 ounces of od 
13th August, 1940 Loss of appetite 

20th August, 1940 Pam aU over tho body, weakness and dimness of vision 
23rd August, 1940 (Edema of legs, palpitation and dyspucoa on exertion 
26th August, 1940 Pam m the abdomen 
27th August, 1940 Pain over precordia 
Physical signs — 

General appearance dull and much reduced. 
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Intboduction 

The glassfishes, so called owing to their translucent, fragile body, comprise 
some of the smallest perches and belong to the genus Ambassis Cuvier and 
Valenciennes (famdy Centropomidset) While the raajonty are manne, a few 
species have become acchniatized to fresh-water conditions, and of these about half 
a dozen are found all over India and Burma Ambassis nama (Ham ) and A ranga 
(Ham ) are the most widely distnbuted fresh-water species in India, occumng 
extensively both m standing and m running waters 

The mosqmtocidal propensities of Ambassis, mainly judged from aquarium 
experiments, have attracted the attention of various writers VTuIe most 
(Chaudhun, 1911 , Fry, 1912 , O’Donnell, 1912, Murphy, 1914 , D’Abreu, 1925) of 
these workers considered them as efficient mosqmtoudes, Southwell (1920) held 
that they are ‘ species of less importance ’ m mosqmto control than Aplocheilus 
Prashad and Hora (1936) noted that the species of Ambassis ‘ are rather dehcate 
hshes, and can, therefore, be used with advantage only m the neighbourhood 
of their normal habitats ’ 

Cjclopscidal tendencies were observed m the year 1937 m one species, 
A gymnocephalus (Lac^pede), collected from the Fort St George moat, Madras] 


* Prcbcnlctl as part of a thesis for tho degree of Doctor of Science of the Umvenuty of JIadraa 
ti, ^ ela-yihc.ition suggested bj W eber and do Beaufort (1020) is foUoned m this work fn 
tho sjstematio arrau^^ement of tho perches (Job. 1010a) tho family name vfas accidcataUy omitted. ^ 
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have beeu taken m accidentally Prom the nature of their food it appears xhat 
these fishes feed at all layers, but subsist mainly on the minute Bntomostracans 
which flourish m mid-water The protrusible mouth with upturned gape possessed 
by these species (Text-figure 1) is presumably used for takmg in large gulps of 
water An evaniination of the gdl arches showed that the combs of horny, 
setiform prolongations from the anterior gdl arches (Te-rt-figure 2) form a very 
eflicient sieve-hke apparatus for the collection of enormous numbers of such micro- 
crustaceans as Cyclops Sometimes, however, the fish resort to sight feeding as 
well, as IS evident from their gut-contents, the mosqmto larv® were probably 
captured from near the surface and the worms picked up from the bottom 


Feeding mechanism of Ambassis ra»ga (Hamilton) 



Text figure 1 Anterior part of the fish 
showing the protnuibla month x ca 3 


Field’ expebdients 

To deternune the effect of the introduction of A nama and A ranga on the 
population of mosquito larvce and Cyclops m theu natural habitats, three central 
chambers termed hereunder as o, b and e respectively, each 8 feet by 6 feet 
m the borrowpits situated between telegraph posts 19/4 and 19/5 up, at Fuleshwar 
along the Bengal JTagpur Railway, were chosen The chambers were in the middle 


852 Glassfishes and Control of Guinea-Worm and Malaria 

m the course of the writer’s investigations {mde Job, 1940tt) on the nutrition of 
perches, and it Vtas stated that ‘ The eyclopscidal tendencies of the fish point to 
its probable utihty in the biological control of guinea- worm disease But sufficient 
data are not yet available for discussing the pomt ’ 

While investigating the natural feeding habits of the glassfishes with a view 
to evaluating their relative utihty in anti-mosquito measures, theu more marked 
eyclopscidal tendencies became deal Accordingly, the feedmg habits of A naina 
and A ranga were studied under both natural and laboratory conditions, and the 
results are presented in this commumcation 


Analyses of gut-contents of glassfishes from naiubal habitats 

Two hundred and sixty-eight specimens of A nama and three hundred and 
thirteen of A mnga were collected on different dates during 1939 and 1940 from 
the ponds and pools around the Calcutta Corporation’s Waterworks at Pulta m the 
24-Parganas and from the boirowpits, tanks and canals in the malanous stations 
of Ulubana and Fuleshwar m the Hooghly Delta Section of the Bengal Nagpur 
Kailway Examination of the pieces of water concerned revealed a fairly high 
mosqmto larval incidence m many of them, while plankton collections often 
showed appreciable numbers of Cyclops and other Entomostracans m the 
miorofaima 


The specimens of A nama ranged from 19 mm to 66 mm m length One 
hundred and thirty-one of them were males, one hundred and twenty females and 
the lemainder immature The specimens of A ranga were from 14 mm to 57 nun 
in length , one hundred and sixty-four of them were males, one himdred and 
thuty-eight females and the rest immature In many of the adults the gonads 
were well developed and full, while in a few they were in a spent condition 
All the fishes were captured ahve The gut-contents 'were studied as m the 
case of AgjlocJmlus -panchax {vide Job, 19416) Only in twenty-four specimens of 
A nama and forty-one of A ranga were the guts absolutely empty These, 
however, were not confined either to ripe males and females or to spent mdividuals 
Several specimens with fuUy ripe or spent gonads, on the other hand, had 
full stomachs, and therefore it is evident that these fishes do not abstain fro® 


feeding durmg the breeding season 

Both quahtative and quantitative analyses of the food were done and, hordes 
volumetric determination of the constituent elements by Pearse’s (1916) method, 
numerical proportions were also reckoned, smee sometimes a smgle Chgochoete i 
or other similar large-sized item far outsized himdreds of Copepods The resu s 
of the food analyses of A nama and A ranga from natural habitats are detai e 
m the first columns of Tables I and 11 respectively 

It was found that Cyclops formed the major portion of the natural diet of o 
the species The other common items were aquatic stages of mosquitoes a ^ 
Ostracods, Daphmds and other lower crustaceans, while Chnononnd laiv®, 
earthworms and packets of fish scales were sometimes met with ^^^fht 

of vegetable matter and inorgamc particles were practically neghgible an o 
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The above field experiments confirmed beyond doubt that the glassfishes 
under consideration, which are not typical surface feeders, are helpful only to a small 
extent m the reduction of niosqmto larva, and these mainly Cuhcines, while they 
are remarkably effective in the destruction of Cyclops, and that, comparatively 
speakmg, A nama is much more active than A langa as a lamvore, while the 
latter is much more efficient than the former as a cyclopscivore 


Feeding experiments 

Senes I — 

To study the feeding habits of the species under artificial conditions of an 
aquannm, m the presence of equal amounts of the different items of them natural 
diet, twelve specimens of each species were experimented with, on Imes similar to 
those of the feeding experiments, senes I, of Aplocheilus panchax (vide Job, 191:16) 
The food supphed consisted of tow-net collections of mid-water and surface plankton 
mainly composed of Entomostracans like Daphmds, Cyclops, Ostracods, etc , the 
young of Decapods, Water-boatmen and other Henupterans, with spoonfuls of the 
aquatic stages of ^ophehne and Cubcine inosqmtoes, larvae of Chironoimds and 
other insects and chopped up earthworms While exact equalisation of the items 
was difficult, they were more or less balanced with dips, and the nch varied menu 
thus obtained was introduced into prepared aquanum troughs in which the fishes 
had been starved for twelve hours After three-quarters of an hour, the fishes were 
captured aud their gut-contents studied The results are shown m the second 
column of Tables I and 11 respectively The relative amounts of mosqmto larvee, 
Chironomids and earthworm bits eaten were found to be greater m the feedmg 
experiments than m fishes collected from their natural habitats Evidently when 
kept starving in the limited environment of an aquanum, sight was used far in 
excess m feedmg and the large conspicuous elements available m the water w ere 
swallowed It was, however, seen that considerable numbers of Cyclops were 
also consumed The amounts of the different stages of Anophehnes and Ouhcmes 
taken showed that the early mstar larva formed the major part A few late instars 
and still fewer pupa were taken, whole imagmes were extremely rare Between 
Anophehnes and Cuhcmes, more of the latter were consumed Comparatively 
more mosquito larva were eaten bv A 9iama, while A ra»ga consumed more 
Cyclops 

It may be inferred from the above experiments that when kept starvouf' 
under artificial conditions of an aquanum, the glassfishes feed more by si»ht 
upon larger elements than by filtration on microfauna Even m the aquanum 
A llama is the better mosquitocide of the two. while A ranqa is the better 
cj'clopscivore 

Series II — 

Tiie c} ciopscivorous and mosqmtocidal propensities of the glassfishes banner 
been cletermmed, further expenments were carried out to determme the maximum 
capacities of the fishes for consuming Cyclops and mosqmto larvie Accordingly 
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of the borrowpits, which liad dued iqi by the 15th of December, 1940, leaving 
water to a depth of only 1 feet in the chambers The ecological conditions of 
the chambeis were more oi less similar The water contained small bits of the 
common weed, Lagarosiflion wibutglm Benth , patches of green algae and plank- 
tonic niipioflora Tlie fauna consisted of a few young frogs, snails, Jarvie of 
mosqmtoes and other insects and several lower crustaceans including Cyclops 
Before starting the experiments, the densities of mosqmto larvie,* Anophehnes as 
well as Cuhcines, and of Cyclopsf in the chambers were determined After 
takmg the densities on the forenoon of the 15th of December, 1940, a hundred 
specimens of A nama were introduced into chamber a, and a hundred of 
A ranga into chamber b Chamber c, which was to serve as a control, was 
left untieated Ladle dips of mosquito larvse and tow-net collections of plankton 
were taken m the iorenoon on every alternate day up to the 27th of December 
Table III shows the records of observations made As far as mosquito larvie 
were concerned, the densities of Anophehnes were lowered to some extent, le 
from 3 9 to 2 0 m o and from 5 0 to 3 9 m J, while in c it varied between 4 2 
and 9 2 with natural fluctuations (mde Job, 19416) The Cuhcine densities were 
lowered from 6 9 to 1 9 m a and from 7 1 to 2 8 in 6, wlule m c it fluctuated 
between 5 4 and 10 8 Considering the natural increase m larval population m 
the absence of fish in chamber c, the larvicidal activity of the glassfishes is not 
so small, as nught appear if only the densities at the begmiiing and at the end 
of the experiment are compared However, when compaied ^vlth other larvicidal 
fishes of proved utihty such as Aplocketliis pamhax their efiiciency m this respect 
IS very low 

As regards Cyclops, A' nama reduced their density from 116 to 0 0 m 
chamber a by the 26th of December In chamber 6, m which specimens of 
A langa were mtroduced, the reduction was more marked, for, though the 
imtial density of 13 3 was higher than that in a, it was brought down to zero by 
the 2l8t of December In chamber c, on the other hand, the density vaned 
between 9 7 and 14 1 


* The density of mosquito larvos was determined ivith larval dips as m the case of Aj>M , 
panchax {vide Job, 19416) The same ladle with a mouth area of) 16 3 square inches and a 
22 6 cubic mches was used for taking dips of mosquito larv® m ail the es.periments on 
occasion 20 dips were taken from each chamber, and after reconlmg the lan'al counts, 
contents were thrown back mto the chamber .. 

-j- The density of Cyclops was determined by makmg plankton dips with a tow net A 
corneal hnen net, 12 mches wide and 20 mohes deep, with a bamboo handle, 6J feet long, wa 
The net ended in a wide mouthed cylindrical bottle, 2 6 inches wide and 4 ‘f**’ iit of the 
immersmg the net to a depth of a foot and a half below the surface, it was ^cntly taken o ^^^ 
uater whde the plankton was collected in the bottle * Fifteen such dips were “ anmDles, 

spots m each chamber From the plankton thus collected in each dip three .per all 

each 1 cubic mch m volume, were pipetted out, and the rest thrown back mto the “ To 

the dips were taken, so that the reduction of plankton population duo to dipping o ihe 

the 3 cubic mohes of plankton thus obtamed, a few drops of formalin were added t P ^ 
imoro orgamsms , and the Cyclops were later separated and counted m yetri dishes u 
microscope By dividmg the number obtamed by 3, the number of Cyclops per on 
plankton collected m each dip was obtained The average number per cubic men 
was taken as the density of Cyclops m the chamber 
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of the Bombay Natural History Society added in an explanatory note, ‘ It seems 
clear that fingerlings of this fish feed largely on Cyclops but the question arises as 
to the extent to which Cyclops foim the fo^ of adult fishes The hmitation of the 
destruction of Cyclops mainly to the fingerbng stage m Megalops would reduce its 
utdity as a destroyer of this pest, particularly as we have no evidence so far to 
indicate that Megalops breeds m fresh water ’ 

Jlost small fishes and the larger species in their young stages may, when 
hungry, swallow edible little crustaceans like Cyclops either alone or along mth 
other food Thus lolhfishes, such as Aplocheilus Imeatus (Pradhan, loc cit ) and 
A panchax (Sen, 1937 , Job, 19416), the striped Gourami, Tnchogaster fascmtiis 
(Sen, loc cit ), and the spiny eel, Mastacembelus pancalus (Job, 1941a), have in some 
cases been found to fe^ on Cyclops, but these minute Copepods form only a very 
small percentage of them food 

The requisites for a good cyclopscidal fish may be enunciated as follows — 

1 The fish should be a feeder at all depths and a heavy consumer 

of Cyclops in nature throughout its hfe 

2 It should not be of value as a food fish, but should be small in size and 

prolific m breedmg so that both deep and shallow waters can be 
populated by large numbers of them 

3 It should be active and agile so as to be able to escape its natural 

enemies , it should also be hardy and capable of transport and 
acclimatisation m vanous waters 

4 It should preferably be a widely distnbuted fresh-water species 

As far as the first of these requirements is concerned, the observations made . 
on the glassfishes show that they feed at all depths and that Cyclops* form a 
high percentage of their natural diet, sometimes almost to the exclusion of other 
elements, so that these fishes, with their specialized gill arches adapted for 
filtration, reaUy stand out as voracious feeders of the pest throughout their life 
Bemg small and spmy, these glassfishes are eaten only by the poorest classesf 
The plentifulness of the fish is evident from the fact that durmg the season (October 
and November) basket loads are brought to the Ulubaria market and sold at only a 
couple of annas or sometimes even less per seer About one of the species, Innes 
(1935) writes, ‘ Shockmg as it seems to those of us who treasure this httle gem of 
the aquarium, it occurs m such large numbers m India and Burma that it is used 
as a fertilizer ' ’ Considenng the enormous numbers of eggs in their ovaries and 


* iloorthj (1932) has found that on account of the comparatively sIugRish movements of the 
infected Cyclops thej are more easdy fed on bj fish than are non infected Cyclops Ho (Jloorthv 
1938) has also observed that infected Cyclops tend to go down to the bottom It is hence naturol 
for the glassfishes which frequently roam in the lower layers, to consume enormous numbers of 
infected Cyclops 

t Indiscriminate destruction of these small fishes, however, must be pre\ent(Hl in drarnnf.ol 
districts, especially in the epidemic season ^ uracontial 

J, MR 
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nine specimens of each species were starved for twelve hours and then tlirown into 
association with six spoonfuls of Cyclops in one of the experimental aquaria for 
half an hour They were then captured and them gut-contents examined 
Similarly, another set of nine specimens of each species were thrown into associa- 
tion with si\ spoonfuls of mosquito larvae, mostly Culicines, and their gut-contents 
also studied It was found that the maximum number of Cyclops consumed by 
Ambassis luima in half an hour was 327 per fish, and by A mnqa 468 per fish, while 
the corresponding numbers of niosqmto larvae were 24 and 19 respectively 


Discussion 


The significance of fishes m niosqmto control has already been discussed by 
the author m his papers on the kilhfishes {vide Job, 19406, 19416) As far as the 
glassfishes are concerned, the residts of the food analyses, field experiments and 
feeding expeiiments detailed above indicate that from the point of view of malaria 
control through the destruction of Anophehne mosqmtoes, the glassfishes are 
inferior to the kilhfishes The emphasis laid by some authors on the mosquitocidal 
values of the glassfishes was presumably based on the fact that under artificial 
conditions of an aquarium they consume comparatively large quantities of mosqmto 
larva 


The great value of the glassfishes, however, hes in the control of guinea- 
worm disease* through their cyclopscidal activities In this connection it may 
be remarked that modern methods of therapeusis and prophylaxis have been 
observed by various authors to be inadequate to cope with gmnea-worm diseasef 
Evidently one of the best methods of successfully combating the giunea-worm on 
an extensive scale would be the biological method by the destruction of its inter 
mediate hosts with the help of them natural enermes The interestmg investigations 
conducted by Pradhan (1930) and Moorthy~and Sweet (1936) show that Cyclops 
are preyed upon by several fresh-water fishes, such as Rasbora damcomus (Ham ), 
NemacJnlus sp , LejndocepJuilus tJiennalis (Cuv and Val ) and Gambusia However, 
as Setna and Kulkarm (1940) note, the above-mentioned authors ‘ merely sta^ 
the extent of the partiality of the vanous fishes for Cyclops, but they do not 
what their investigations of the stomach contents of the fishes showed 1 ® 
importance of a study of the natural food and feedmg habits of the species to e 
utilized for control work cannot be over emphasized Again, some of the m m 
hsted by Pradhan and Moorthy, which were also dissected by Setna and Ku w 
(loc at ), are stated to have shown ‘ but insignificant quantities of Cyclops m 
intestmiil tract 

Eegardmg the marine fish Megalops cyprinoides recently recommende J 
Setna and Kulkarm (foe cfit ) for gmnea-worm control, the editors of the ou 


* As IB well kno\vii, myriads of mmute guinea worm larvie di^^rged into leucLarli 

of an mfeoted patient enter the digestive tract of certain species of Cyclops A tliere 

and M hyahmis (Moorthy, 1938), and reaclung their hoemocoel, undergo some pos human 

(SouthweU and K^hner, 1938), after wluoh they are capable of further development m 
host Man gets the infection by swallowing infeobra Cyclops with the dnnkmg iv 

t Vide Pradhan (1930), Moorthy (1932), Liston (1937) and Setna and Kulkanu (1 1 
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the innumerable fry observed during the monsoon months, it may reasonably be 
assumed with Hora and Mukerji (1938) that the species ‘ breed very freely ’ The 
numerous minute eggs, ‘ sprayed ’ on to submerged vegetation, hatch out m a day 
or two*, and the fry, growing quickly, attain matiinty m a few months’ tune 
These fishes are quick of movement and smart enough to evade their enemies 
Further, being well protected by sharp spines m their median fins, larger fishes 
seldom swallow them Although apparently delicate and small, the glassfishes, 
far from being tender, ‘are fairly hardy’ (Hora and Mukerji, loc cit), and the 
fact that they so successfully endure the necessary weeks of transport from 
Indian waters to American aquaria {vide Innes, loc cit ) adequately proves 
their tenacity of hfe Besides, being wndely distributed, occumng in diverse 
types of water in (bfiferent parts of the country, they also satisfy the conchtion 
of nearness mentioned by Prashad and Hora [vide supra) and can easily 
be dispersed in dracontial districts Thus, the glassfishes satisfy most of the 
requirements of good cyclopscidal fish 


Summary 


Analyses of the gut-contents of twm hundred and sixty-eight specimens of 
Ambassis naina and three hundred and thirteen of A ranga, collected from their 
natural habitats in the malarious parts of Fuleshwar and Ulubaria m the Howrah 
distnct and Pulta in the 24-Pargana3, showed that these glassfishes feed at aU 
layers of water, subsistmg mainly on minute Entomostracans which are found 
abundantly in the mid-water plankton Their mouth and gdl apparatus are well 
adapted for the filtration of such microfauna To a small extent these fishes 
perform typical sight feeding also, and consume mosqmto Inrv®, mostly Cuhcines, 
from the sub-surface and worms from the bottom 


Field experiments conducted in railway borrowpits showed that the presence 
of the glassfishes checks mosqmto breedmg only to a small extent, while i 
efiectively reduces the density of Cyclops 

Feeding experiments indicated that starved glassfishes under artificial condi 
tions of the aquarium resort to sight feedmg fai in excess of feeding by filtration, au 
consume large, conspicuous orgamsms more than the microfauna 

The reqmsites for good cyclopscidal fish are hsted As most of these require^ 
ments are fulfilled by the glassfishes, and as no satisfactory species of fish 
to have so far been discovered for use against Cyclops, these fishes shou pr 
of special value in the biological control of gmnea-worm disease 


* The observations of Innes (loc cit ), MeUen and Lamer (1936) and Stove to on 

the breedmg time the glassfishes take a side to side position, qmvermg aU the wni e a aiirfoco 

upside down pose, so that the eggs are discharged upward mto fine leafed .gnarent eggo 

in lots of four to eight untd forty or more have been laid The small, clear an 
hatch out m 24 to 48 hours The fry clmg to plants or sides of other oojec fjesb 

days, after which they resort to an active swimming life and grow quickly, o 

water micro-plankton 
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Table II 


Details of aierage percentages, (a) volumetric and (b) numerical, of 
fo^ components in the gut-contents of two categories of 
Ambassis ranga {Hamilton) 


Source of fiali collection s — 

1 

Natural habitats 

2 

Expen mental aquana 

Xumber of fiah ezaimiied 
lUnge of length 

Kumber of fiah mth empty gut 

Portion of food digested beyond recogmtion 

313 

1-t mm.— 51 mm 

41 

k j 

1 

12 

18 mm —48 mm 

Nil 

1 

SO 


Pesicextage or rnais ts becoomzable 

ELEilESTS 


la f 

Volumetric | 

16 

Numeneal 

2o 

A olumetnc 

26 

Numerical 

Anophelmes 

1 

1 


1 

1 


Early instar laryse 

3 43 , 

0 30 

' 2 67 

1 50 

Late mstar laryse 

162 1 

0 09 

' 3 83 

1-08 

Pupse 

0 01 

0 01 



Imagmes 

i 




Total anophelmes 

4 90 j 

040 

650 

2 58 

Culicmes 





Early mstar larve 

2 83 1 

0 89 

18 50 

5 33 

Late mstar lary.e 

4 97 

1 02 

642 

1 92 

Pnpse 

0 22 1 

0 03 



Imagines 

t 




Total Culicmes 

8-02 

1 94 

24-92 

7-23 

Total mosqmto remams 

12 98 

234 

n 42 

9 83 

Other insects 

3 52 

156 

20 67 

6 75 

Total insect remams 

16 50 

3 90 

52 09 

16 58 

Cyclops * 

42 89 

71 13 

21 33 

69 25 

Other Copepods 

4 01 

6 06 



Other crustaceans 

25 73 

1 17 27 

6 33 

14 00 

Total crustacean xemains 

72 63 1 

1 94 46 

27-66 


Miscellaneous animal remains 

10 12 

034 

20-25 

0 17 

Total animal matter 

99 25 

98 70 

100 00 

100 00 

\cgetable matter 

0 37 

1-24 



Inorganic matter 

038 

0 06 



Total 

100 00 

100 00 

100 00 

100-00 
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MYIASIS-PEODUCING DIPTEEA IN MAN 

BY 

G STRICKLAND, ir a , m d , 

Am> 
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{From the School of Tropical Medicine, Calcutta ) 

[Received for publication, May 12, 1941 ] 

Fbom 1922 to 1941 a large number of collections of larvas of tbe 
Biptera muscoidea from cases of myiasis were sent to us for report They were 
mostly sent m a dead condition, but when they were hvmg an attempt was made 
to breed them out to the adult stage on meat or faeces according to where they 
had been found 

Their identification and the locahties from which they were collected are 
shown in Table I — 


Table I 


Reported habitat 

Locality 

1 Identtfication 

1 

Family 

1 

Species 

Eye 

Assam 

! 

j Aathomyidae 

? ? 

Nose i 

i Bengal 

1 Calliphond® 

Chrysomyia bezztana, ViU. 


1 


SarcopJiaya ap 

Ear 

Calcutta 

1 

Chrytomyta bezztana, Vdl 

Dental 

Darjeebng 

1 

1 

Chrysomyta bezztana, VilL 

Mastoid region 

r 

1 

f 

1 ' 

Sarcophaya dux, Thoms 


( 863 ) 
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Table I — concld. 

Identifioation 


Reported habitat 


Cutaneous 


Inside dura mater of 
cord 


Intestinal 


Locality | 

j 

Family 

Species 

Bengal 

Calliphondte 

Sarcophaga ruficornis, Pb 
Sarcophaga dux, Thoms 

Burma 

t* 

Ghrysomyia bezziana, ViU 


** 1 

* Sarcophaga ceylonenats. Park 

Bengal 

1 *’ 

Sarcophaga ruficomts, Fb 

Assam 

t* 

Sarcophaga dux, Thoms 

Bihar 

»> 

Sarcophaga sp 

U P 

» 

j- Sarcophaga craggi, Pnrt 

Calcutta 

Drosophihdto 

Drosophila ep 


1 

1 PhondcB 

Apiochccta scalaris. Mg 


S dux, Thoms confined to Nyasaland and the 

The regions iiom which the specimens were collected aie summarize 
Table II — 

Table II 
Sites of infestatio-n 


Total number 
of samples 
received 


Nasal 


32 


Ocular Aural 


Dental 


Intes 

tinal 

Other ]^rt8 
moludmg 
perns 

16 

0 


Not known 


^rf^l^Merent species enumerated ^ ^e'^fX^ed^V* 

hionto phagous (Keihn, 1924) None of of eith« b‘™“’I’‘‘“fwly 

sapropbagous larv® “Len^merely complained of la the 

ohserved in the hospital ‘I'® “Jiepoited by Sinton (1921) 

sensation, there was no bnrmng pam as wa p 
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case of myiasis of a carious tootk reported by one of us (Strickland, 1929), the 
patient complained of tootbache wlucb was rebeved after the maggots were 
collected and the cavity was cleaned In another case of dental m3aa3is (Roy, 
1934), the patient had inflammation of the gum which went on to abscess 
formation, the tooth was extracted and a large number of fly maggots emerged and 
were collected He made an uneventful recovery 
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ALKALINE ALLUVIUM SOIL * 
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[Received for publication, llay 23, 1041 ] 

During tlie past ten years, many bored latnnes Lave been installed in the 
East Tbeir pop^arity bas been due to the ease of installation and cheapness of 
construction Hov. ever, questions have been raised, from time to time, as to the 
danger of contamination of shallow wells when the latrine extends down into the 
sod water Much of the concern may have been due to the over-enthusiasm of 
some of the advocates of the bore-hole latrine, who ha\ e stated that the latrine 
might be put next to the fauuly well 

Sods diSer m texture and in alkabmty, and it Avas necessary for the pubhc 
health officials in India to have data on the sod conditions of their own areas before 
approving the installation of bore-bole latnnes in large numbers 

It was m the hope that conditions might permit of the safe introduction of the 
bore-hole latnne in rural areas, that an investigation (limited by considerations of 
funds avadable) was carried out by the Punjab Public Health Department with 
the object of determmating, at least approximately, what the extent of the spread 
of pollution introduced into the sub-soil water might be 

The method of investigation was simple A bore-hole was sunk to the level 
of the sub-sod water m an open space away from any known source of pollution 
At measured distances from the bore-hole, hand pumps w ere mtroduced tapping 
the sub-sod water Prior to the introduction of filth mto the bore-hole, the 
quality of the sub-sod water drawn from the hand pumps was determined by 
repeated bacteriological and chemical examination The quality of the water 
having been established, mght-sod from a small commumty of 15 individuals was 
introduced into the bore-hole daily Subsequent to this, regular examinations 
of the water from the pumps were carried out 


this wer IB based were conducted with the support 
Health Division of the RockefeUer Foundation, m 
calth, Punjab, India 

( 867 ) 


*The studies and obserrationa on uhich 
and under the auapicea of the International 
CO operation with the Department of Public H 
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A material departure from the standard of purity of the water, established 
on examination prior to the introduction of the mght-soil into the bore-hole, was 
regarded as due to the spread of pollution from the bore 

From the observations made, pollution appeared to be capable of spreading 
from the point of introduction to a distance of 260 feet, m the direction of flow of 
the sub-soil water, m a period of four months 

The limitations of the investigation were recognized, particularly because of 
the known wide variations m the quahty of Punjab soil, but the results were so 
arresting that it was considered worth while that wider investigations should be 
carried out under more strictly controlled conditions 

The objectives of the experiment here reported were — 

(a) To determine the extent and width of the pollution stream from an 

ordinary bored latrine extending below the water table, in certain 
areas of the Punjab plains 

(b) To determine whether the bore-hole latrine is practicable for the 

Punjab, and if so, what would be a safe distance between it and a 
shallow well situated at a point lower on the water gradient than the 
latrine 

(c) To derive a practical method for deterrmning, withm ceitam hunts, 

the distance a well should be from a latrme, m these soils 

Desciiption of site A — The site decided upon for the experiment was m Model 
Town, which is about seven and a half imles from Lahore 

The area is practically flat and almost bare of vegetation, and there is no well 
or latrine within a thousand feet The soil crust extends to the water table, a depth 
of 15 feet , and below this are fine sand and sdt, underlaid with qmcksand 

Owmg to the constant cloggmg of the pumps at the first site selected it was 
impossible to get fundamental data, and it was therefore decided to move to a 
point where the qmcksand lay at greater depth 

Site Di — 16-mch bore for a latrme was put down to 19 feet and cased to 
the water table Five feet from the edge of the latrme, 9 pumps were placed in a 
circle 4 feet apart The tops of the stramers averaged 17 feet 8 mches below the 
ground surface, or 2 feet 8 inches below the water table 

Samples from the pumps and latrme at site Dj were analysed for chloride 
alkalimty and pH Silver mtrate determination was used throughout for chlorides 

From the work at the first selected site extending over 2 months, it was 
that there was no definite rise of salt concentration in pumps even when ^OiOO 
grammes of salt were added to the latrme After 600 c c of HCl were adde 
however, the salt started to flow Seven hundred and fifty cubic centimetres 
of HCl were then placed m the latrme, and the followmg day (6th Decern et) 
9,560 grammes of salt were added and agitated for 10 nnnutes with a compressor 

The procedure followed throughout the experiment was to pump 416 Imperial 
gallons of water before takmg samples 
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Fio 1 — Arrangement of wells at site Dj 
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Six days later, on 12th December, salt flowed strongly through pump C, having 
risen from 6 4 to 23 7 paits pei 100,000 There had been a general shght nse, but 
besides C the principal rise had been in B, A and D On the 14th, B, C and D were 
still rising, ith C reaching 34 1 , the othei pumps eie falling The rise contmued 
until the 19th, when the salt concentration dropped o2 suddenly m all pumps 
Throughout this salt rise, the pH of all wells remained unchanged It was 
unfortunate that our new conductivity meter did not work and we were thus 
unable to determine w^hether there was a rise of all salts 

The direction of flow thus established, the 10-foot zone was pegged out 
Seven shallow wells were put down across the flow, 16 feet 6V inches to the top of 
strainers One and a half feet farther from the latrine seven deep wells, 18 feet 
5V inches to top of strainers, were put down 

Three shallow' and three deep wells w'ere put down in the 16-foot zone, 
mne shallow and nine deep wells in the 20-foot zone, and seven deep wells in 
the 30-foot zone In case the stream was swinging to the right, extra holes 
were bored in the SO-foot and 40-foot zones so that pumps could be quickly 
installed 

The wells were numbered as follows — 

6-foot zone Wells, A, B, C, D, E 

10-foot zone SC, SR, SL, 

DC, DR, DL 

15'foot zone SiC, SiR, SjL, 

DiC, DiR, DiL 

20-foot zone S2C, S2R, S2L, 

D2C, D2R, D2D 

Concrete platforms w ere laid around the pumps in all zones All pumps were 
chlormated untd a residual chlorme reaction was obtained 

To check our findings at site A, it was decided to mtroduce salt without acid 
On 6th January, 7,000 grammes of salt were put into the latrine and agitated an 
only a slight general rise resulted On the 10th, 750 c c of HCl were added, an 
on the 13th 7,000 grammes of salt 

On the 25th there was a strong salt reaction m well B (22 1 parts per 100,000) 
On the 30th salt came through SR3 of the 10-foot zone, which would seem 
to indicate that the stieam was swinging to the light, with the velocity of 0 
at 0 83 feet per day 

Bacteriological tests — ^The procedure for the bacteriological examination of 
the water was as follows — 

Five tubes contaimng 10 c c of double strength MacConkey medium 
, taken and each seeded with 10 c c of the original water 

. One tube contaimng 5 c c single strength MacConkey medium is seede 

with 5 c c of the original water 
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Six days later, on 12th December, salt flowed strongly through pump C, having 
risen from 6 4 to 23 7 paits pei 100,000 There had been a general slight rise, but 
besides C the principal rise had been in B, A and D On the 14th, B, C and D were 
still rising, iMbh C reaching 34 1 , the other pumps weie falling The rise contmued 
until the 19th, when the salt concentration dropped oft suddenly in all pumps 
Throughout this salt rise, the pH of all wells remained unchanged It was 
unfortunate that our new conductivity meter did not Avork and we were thus 
unable to determine whether there was a rise of all salts 

The direction of flow thus established, the 10-foot zone was pegged out 
Seven shallow wells were put down across the flow, 16 feet 61 inches to the top of 
strainers One and a half feet farther from the latrine seven deep wells, 18 feet 
51 inches to top of strainers, were put down 

Three shallow’’ and three deep w^ells were put down in the 15-foot zone, 
mne shallow and nine deep wells in the 20-foot zone, and seven deep wells in 
the 30-foot zone In case the stream was swinging to the right, extra holes 
were bored in the 30-foot and 40-foot zones so that pumps could be quickly 
installed 


The wells were numbered as follows — • 
5-foot zone 
10-foot zone 

16-foot zone 

20-foot zone 


WeUs, A, B, C, D, E 
SC, SR, SL, 

DC, DR, DL 
SiC, SiR, SiL, 

DiC, DiR, DiL 

SoC, SoR, SoL, 

DoC, D2R, D2IJ 


Concrete platforms w ere laid around the pumps in all zones All pumps were 
chlormated untd a residual chlorme reaction was obtained 

To check our findings at site A, it was decided to mtroduce salt without acid 
On 6th January, 7,000 grammes of salt were put into the latrine and agitated an 
only a slight general nse resulted On the 10th, 750 c c of flCl were added, an 
on the 13th 7,000 grammes of salt 

On the 25th there was a strong salt reaction m well B (22 1 parts per 100,000) 
On the 30th salt came through SR3 of the 10-foot zone, which 
to indicate that the stieam was swmigmg to the light, with the velocity 0 0 

at 0 83 feet per day 

Bacteriological tests — The procedure for the bacteriological examination 0 
the water was as follows — 

Five tubes contaimng 10 c c of double strength MacConkey medium 
taken and each seeded with 10 c c of the original water 

One tube contaimng 6 c c single strength MacConkey medium is see 
•with 5 c c of the original water 
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Take ti^-o tubes contaimug 5 c c each of single strength MacConkey medium , 
in one put 1 c c of the original "water, and m the second 0 5 c c of the 
original water 

Add 1 c c of the original water for 9 c c of sterilized tap-water to make a 
dilution of 1 in 10 

Kow inoculate one tube coutaimng 5 c c of single strength MacC'onkey 
medium with 1 c c of the above dilution 

Incubate the tubes at 37®C and record the results after 24 and 48 hours 

N B — ^The same procedure is followed for the Eijkman test except that the 
tubes are incubated at 45°C 

If A-j-G IS found m two of the five tubes inoculated with 10 c c of the original 
water it may be regarded as present m 50 c c of the water , if it is found m three 
or more tubes, it may be considered present m 10 c c of water 

The sulphite reduction test is employed for detection of Cl uelchii The 
medium used is that recommended by Wilson and Blair "While stiU hot, 40 c c 
of the medium are added to an equal quantity of the water under examination and 
poured into a large Petri dish This is incubated at 45°C , and the results are read 
after 24 and 48 hours 

Results should be interpreted as follows — 

(a) Eijkman’s test should be negative m quantities of water less than 

50 c c 

(b) The presence of acid and gas m both ilacConkey and Eijkman m equal 

small quantities of water should be regarded as an mdication of 
recent pollution 

(c) The presence of acid and gas in small quantities of water m MacConkey 

but in larger quantities of water m Eijkman, would be regarded as 
an mdication of remote pollution 

In order to plot the results graphically, the foUowmg values were used — 


Gas m two tubes ot 10 c c 

1 umt 

Gas in three or more tubes of 10 c c 

5 iimts 

Gas m one tube of 5 c c 

10 „ 

Gas in one tube of 1 0 c c 

50 ., 

Gas in one tube of 0 5 c c 

100 „ 

Gas m one tube of 0 1 c c 

500 


11 ater from the wehs was ex anun ed every 3 or 4 davs The results of 
examinations given m Tables 11 to Vll are representative 

In the bactenological exainmation of the wells in the 5-foot zone, well C was 
found to be polluted It "was re-chlonnated three or four tunes, and the thud 
examination showed higher pollution than the first However, the amount of 
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fvTth 'fair fL'TCf ‘0 tt® taue 

wicn iSBces Jhe 10-foot ^one was free of contanimation 

The latrine was seeded on 8th February On the 13th all the wells of 
F by both MacConlcey and 

ciitaimnatTon ' ' free of 


16th February containinaiion reached the 5-foot zone and wells A, B audC 
were found to be polluted, wth the greatest pollution in weU C On the 23rd, 

o y well C was positive to Eijkman and not so strongly as on the 16th The 
10-foot zone was negative 

heavy floods washed under the concrete platforms in the 10-, 
15- and 20-foot zones These were repaired and chlorinated 


On 7th March wells B and C were positive to hfacConkey in 10 c c and 
negative to Bijkman 

The water table had risen as the result of the flood and the level of the 
latiine was mthin 4 feet of the surface On 13th March wells B and C were 
positive to Eijkman and MacConkey in 10 c c with C the more strongly polluted 
The 10-foot zone remained negative On 16th March wells B and 0 were 
positive to Eijkman in 50 c c indicating that the pollution stream bad started 
to retreat again 

A new well was put down at a cbstance of 21 feet from the latrme but was 
negative on 20th March Wells B and C were positive to MacConkey in 60 c c On 
the 23rd all wells of the 6-foot zone were negative to both tests m 10 c c , while the 
21-foot zone was positive to Eijkman in 10 c c On the 27th wells B and C were 
positive to Eijkman in 10 c c On 30th March all wells in the 10-foot zone were 
negative to Eijkman in 10 c c 


On 6th, 7th and 10th Aprd, tests were made of the 10-, 15- and 20-foot zones, 
and all were found to be negative to Eijkman On 14th April all w'elJs of the 2}- 
and 5-foot zones were negative 

The 24-, 5- and 10-foot zones remamed negative to Eijkman up to and including 
26th May, but on the same day the considerable jump in the MacConkey tests 
showed increased contamination in the 24-foot zone For that reason it was thought 
probable that the charging latrine had become partially filled with silt, as the 
level had reached within 4 feet of the siudace A sample showed that sdt and 
faeces were mixed together The latrine was re-bored to 184 feet on 29th May 
Careful watch was kept on the charging latrine, and as it appeared to be filhng 
again it was re-bored on 5th June, when fresh feece^ were noticed in the latrme A 
pohcy was then adopted of keeping the charging latrine at all times between 18 
and 19 feet deep 

Tests on 22nd June showed all zones negative to Eijkman Tests on 28th 
June and 6th July showed negative results in all zones Durmg the next three 
weeks heavy rains occurred, and the whole area was flooded several times, including 
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tte portion nndei the platforms in the 5-, 10- and 15-foot zones Eepairs were 
made and the wells disinfected 

The 2]-foot zone became positive to Eijkman m 50 c c on 31st July, but became 
negative on 17th August It became positive again on 25th August m 6 c c and 
dropped from 30th August to be again contaminated m 50 c c m September It 
rose again to positive in 10 c c on 19th of September and continued so until the 
end of the experiment on 29th of September Durmg this period, tfie 6- and 
10-foot zones were negative MacConkey tests were also negative in the 5- and 
10-foot zones during the period 

Cl loelchii was not encountered at any time durmg the experiment The 
great variation between MacConkey and Eijkman tests, as shown m Eigs 2, 3 
and 4, demonstiate either that hlacConkey reacted to many other orgamsms besides 
feecal ones or that Eijkman was not sufficiently dehcate a test for determmation 
of fsecal contamination of water It will be noted from the graphs that with a few 
exceptions the dissolved oxygen confirmed slightly more with the MacConkey test 
than with the Eijkman 



Pio 4 — Eijkman and MacConkey testa and diasolved oxygen recovery m 21 foot zone 


It IS quite clear from the accompanying data' that fmcal pollution travelle 
slowly in the direction of flow to an extent of over 6 feet, but not as fai as 10 feet 
As the pore spaces in the soil became clogged, fmcal pollution retreated towart s 
the latrme It extended again when severe rams raised the water surface in t e 
wells so that the watei could travel through fresh soil and retreated when t e 
pores again became clogged The extent of bactenological pollution as a rw 
of re-bormg at no time extended as far as the first soil contamination In o ler 
words, it passed the 2^foot zone but never reached the 6-foot one 

Pltijstcal and chemical tests — It should be remembered that in this tpie of 
highly alkahne soil the reactions weie qmte different from those winch ha ee 
previously encountered m acid oi neutral soils At no time during the experime 
wms there any vanation m the pH as related to pollution There was no or ou 
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foaimng Absence of chlorides seems to have httle bearing upon the degree of 
pollution Nitrates were usually absent when pollution was found in different 
wells, but mtntes were present more often than not In other words, the mtrogen 
cycle appeared to be interrupted Free and albuminoid ammoma tests were not 
run and so no comparison could be made on this pomt From the chemical 
standpoint the only dependable factor to check the bactenological findings was 
dissolved oxygen, which proved satisfactory 

Chemical recovery — ^Nitrates only were found m the 6-foot zone before the 
addition of fieces and after chlorinatmg the latrme , no mtrates or mtntes were 



Fia 5 A — Fitent and retreat of chemical 
contamination, D, area. 


Fio 5 B — Extent and retreat of bacteno- 
Jogical contamination, D, 
area 


found until heavy floods occurred and washed under the platforms AH wells 
were chlonnated after repairs were made and, as shown in Table IV, mtntes and 
mtrates were present dimng the penod the pollution was retreating 

Attention is drawn to (a) the relationship between the dissolved oxygen and 
the mtntes, (6) the httle change m pH, (c) the fact that in the begmmng 
reaction to phenolphthalein had to be expressed as acidity, changed gradually to 
neutral and then expressed as alkabmty {methyl orange was unsatisfactory, as 
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the end-pomt was too indefinite) , and (d) the disappearance of nitrates towards 
the end of the expeiiment 

Tfaier gradient — It had been previously ascertained by the Irrigation Depart- 
ment that the gradient of the soil water was approMmately 1 m 6,000 To deter- 
nune the water gradient for ourselves, we installed four observation wells One 
was placed 5 feet from the charging well, another 100 feet higher up on the water 
gradient, a third 100 feet below the chargmg well on the water gradient, and the 
last 300 feet below the charging well on the lower part of the gradient From the 
plotted curves it would seem that m pre-monsoon conditions the water gradient 
was 1 m 1,600, in nud-monsoon it was 1 m 630, and post-monsoon 1 in 640 

However, it will be noticed from a study of the curves that there was great 
variation in the observation wells and it woidd seem at times that the wells 
were not placed parallel to the direction of flow of soil water (However, from 
the daily readings, a conclusion was reached similar to that of the Dnector of 
the Irngation Research Institute, Punjab, in lus Annual Report for the year 
ending April 1939 ) 

Our experiment was conducted wholly in what is termed the ‘ crust ’ The 
clay content at 16 feet was 18 5 per cent, at 18 feet 2 mches it was 23 3 per cent, 
and at 21 feet 7 mches it was 12 5 pei cent (The pH varied from 9 18 to 9 42, 
which appears to be witliin the limits set by the Director of the Irrigation 
Research Institute ) 

Frequent borings were made around the charging well where the thickness of 
the ‘ crust ’ varied from 21 feet to 30 feet m the hne of the direction of flow It 
appeared to be undulating, and the observation well withm 5 feet of the charging 
well appeared to have a deeper crust Greater upward pressure was exerted at 
this place than m other wells, and it was decided that the readings of this obser- 
vation well should be discounted because of its vanations in water-table elevations 
from day to day 

It 18 therefore impossible under these circumstances to state defimtely the true 
gradient of the soil water, as the data would be non-conclusive unless the borings 
were earned through the cnist m every case and the depth of the crust noted 


Summary 

The fi ndin gs here reported relate to special soil conditions prevailing 
thioughout most of the Punjab They apply only to the upper soil, or crust, 
which has a high alkahmty and a high percentage of sodium sulphate The sou is 
typical of irrigated areas, where indiscreet irrigation methods have been followe 
and the land has become useless for field crops 

The conclusions must not be confused with those based on investigations 
conducted m qiucksand lymg below the crust 

The previous experiment by the Department of Public Health was conducted 
m qmcksand, therefore its results are not comparable with those of the s u y 
reported here 
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It has been pointed out by the Director of the Irrigation Eesearch Institute 
that there is a great deal of kankar (lumps of an impure form of calcium 
carbonate) m the Punjab soils, and that the addition of hydrochloric acid -would 
dissolve the kankar, thus opening up passage m the soil through which flow 
would take place 

This possibihty was recognized as was the fact that the extent of pollutioii 
would be greater than under natural conditions However, after the passages 
were opened with acid, the contaimnation did not eirtend 10 feet from the 
latnne 

The established routme was faithfully followed — 

(o) A petrol tm of water (4 16 Imperial gallons) was pumped from each well 
before sampling 

(b) Two gallons of fresh fseces was put into the latnne dady 

(c) Fixation for dissolved oxygen was earned on at the site 

(d) pH buffer tubes were checked regularly 

The extent of pollution, as determined by tbe Eijkmau method, passed the 
5-foot zone but did not reach the 10-foot zone 

The extent of pollution, as shown by the MacConkey method, passed the 
15-foot zone but did not reach the 20-foot zone 

After retreat and subsequent advance pollution, as shown by the Eijkman 
and IfacConkey tests, passed the 21 -foot zone but did not reach tbe 5-foot zone 
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Table I 


Direction of ground water jloio from latnne, NaOl as 
indvMlor (bfoot zone) 

i ; I 

Well I Chloride pH ' Chlondo pH Chlondo, pH 




Decembe] 

i 

r 16 

December 17 

December 

LT 

j 10 138 

i 

j 76 



A 

1 

' 0 9 1 

76 

1 

94 

10 6 

B 

1 26 3 

1 

78 

17 7 

10 0 

G 

1 

12 4 1 

76 

37 4 

09 

D 

86 ; 

7 7 

87 

11 2 

E 

1 82 1 

7 b 

10 7 

12 0 

F 

90 i 

78 

10 8 

13 0 


' 1 

7 7 

10 0 

90 

H ' 

90 i 

7 6 

86 

82 

I 1 

10 0 ! 

76 

86 

92 


I 


780 o 0 of HCl added to LT on December o 
9,660 g of NaCl added to LT on December 6 





Analyses of sajnples font, uells bvfo)e lubinc nets seeded mill f^ecc', {lO-fool zone) 
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Oiound Wale) FoUultoii m AlUiUne Alluvium Soil 



-t M = JlacConkoj 



Tawx IV 

Inahj'^cb of ‘•uiuplci, from uells after laltiiic was seeded wUh faces {Bfoot zone) 
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Acidity jn CnCO j m pnrte i>or iiiillioi) fE ==■ ]<ijkmon = MacConkoj 



Table IV — concU 
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Acidity m CaCO^ m parts per miUion E = Eijkmau t ;M = MnoConkej 
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Acidity In CaCOg in parts per million t E •= Eijkman t M = MnoConkey 
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T\ble VI 

Jmlyw^ of samples from iielh {’i-foot and 10-foot zones) 
(July 20 to September 28 ) 


1 

1 

WeU 

Dissolved 

osy^jen 

pH 

Alkaline or 
aoid 

CI 3 

0 

NO3 




Tnh 30 




21 foot tone j 

■J 85 

1 

( +8 4 

1 

40 0 

1 

46 2 

+ 

1 

i 

5 foot zone 

B 

1 

j 5-05 

+ 84 

76 0 

653 

j 

1 


G 

45 

7 7 

90 

10 2 

Trace 

+ 

D 

. 47 

1 

7 7 

1 

, 5-0 

1 

92 

4* 

1 - 

1 

1 


Julv 30 


t 

10 foot tone 

SC 

1 1 

83 

20D 

99 

! 

1 

t 

1 + 

Trace 

SR, 

1 39 

S3 

22 0 

118 

Trace 

1 


SR, 

r i 

1 1 

84 

20-0 

92 

1 

i 


SL, 

t 

- 

- 

— 

1 _ 1 


DC 

1 i 

26 

79 

6-0 

72 

j Trace 

Trace 

DR, 

2 1 

8 I 

3D 

7-9 


— 

DR, 

1 ' 

{ 38 1 

i ^ 

7D 

75 

t + 

— 

DR, 

35 

I 7 7 

4D ! 

72 

Trace 

— 

DD, 

36 

1 7 ^ 

80 

7*2 

1 

. + 

Trace 

DL, 

3-7 

, 7 7 

4D 

7-2 

, Trace 

1 

DL. 

39 

1 

7 7 

1 

i 

9D 

12-2 

i 

j 4' 

1 
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TiVBLU YL—contd 


Well 

Dissolved 

oxygon 

1 pH 

j 

Mkabno or 
acid 

1 *^'^2 

1 

NO 2 

NO 3 

August 17 

2 i-foot zone 

1 

31 

j 

+84 

1 

90 0 

412 

Trace 


5 foot zone 




1 

1 



B 

20 

+8 4 

170 0 

16 4 

Trace 

— 

G 

30 

7 9 

i 40 

98 


— 

D 

27 

7 7 

Neutral 

10 8 




August 17 


10 foot zone 

SC 

h 3 9 

81 

Neutral 

11 9 

Trace 


SRi 

2 9 

84 

22 0 

7 9 

99 

— 

SR, 

67 

+8 4 

20 0 

6 6 

99 



SL. 

32 

+8 4 

210 0 

24 2 

f> 

— 

DC 

3 7 

8 1 

20 

7 9 

— 

— 

DRi 

20 

83 

14 0 

7 9 

— 

— 

DR, 

30 

81 

12 0 

86 

— 

j 

DR, 

28 

79 

Neutral 

70 

— 


DI, 

24 

1 

79 

9t 

72 

— 


DL, 

2 7 

7 9 

99 

82 

— 


DL, 

42 

1 

77 

»f 

16 0 


— 
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SODIUM CHLORIDE AS AN INDICATOR FOR THE 
DETERi\UNATION OF THE FLOW 
OF SOIL WATER - 

BV 

BRIAN R DYER 


[Received for pubUoation, May 23 1941 ] 


In a previous paper (Dyer, 1911) it was mentioned, that at two expemnental 
sites, A and Di, when salt alone was added to the charging well to determine 
the irection of underground water flow, no recovery of salt was secured in the 
surrounding wells even after the lapse of several weeks However, when 1 or 2 
pounds of hydrochlonc acid were mtroduced mto the chargmg well and salt was 
added the following day, the salt was recovered in surrounding wells so that the 
direction of flow and subsequent velocity could be determined 

The same experience was encountered at Ai, 250 feet from D^ The soils at 
both of these sites were highly alkalized, the lowest pH m any stratum bemg 8 4 , 
but Di was m alluvium and Ai was m quicksand It was decided to check this 
phenomenon very carefully by a new experiment at Karol, at a location about 
15 tmles from the sites of the other experiments The sod was less alkahne and 
somewhat coarser m character but the screens of the pumps were well down into 
the qmcksand Results of mechamcal sod analyses made at field Ai and at Karol 
are shown in Tables I and 11 — 


Table I 

Mechamcal soil analyses at Ai 


Distance from surface — 

; 13' 

1 16 -16' 6' 

1 

j 16 e'-lS' 8' 

18'3'-20' 10' 

Effective size 

, 0 043 

0 071 

! 0 09 

0-051 

Uniformity coefBcient 

' 51 

37 

1 

3 6 


* Tho studies and observations on irbieh this paper is based were conducted with tho support 
and under tho auspices of tho International Health. Division of The Rockefeller Foundation, in 
CO operation mth the Department of Pubhc Health, Punjab, India 

( 891 ) 
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Table II 

Mechanical soil analyses at Karol (opposite well 3ID) 


Distance from surface 

III feet — 

1 

0-1 1 

3-4 

6-6 

^ 8-9 j 

1 12-13 

1 1 

14-16 

1 

1 10-18 

18-20 

20-22 

Effective size 

0 061 1 

OOf 

1 

0 075 j 

1 

0 045 < 
1 

01 

0 087 

1 

019 

1 

0125 

0175 

1 

Uniformity coefficient 

1 9 ' 

4 6 

O O 1 

"" 1 

1 36 j 

3 1 

2 0 [ 

2 2 

24 

21 


Eaakar (lumps of impure calcium carbonate) is widespread in tbis part of the 
Punjab, but at site Aj it was present only in the upper 2 feet of soil and at Karol 
it was found only 18 feet below ground surface This fact is rather significant 
in that the first salt reaction at site Aj was secured m the shallow wells of the 
5-foot /one, while at Karol salt reaction occurred only m the deep weUs of the 
10-foot zone There was no salt reaction at any time in the shallow or medium 
deep wells 

The results of chemical analyses of sod samples at Aj after the addition of 
salt are given in Table III At Karol specimens were taken from four sides of the 
charging well before the addition of salt Table lY gives the analyses of soil 
samples below the charging well m the direction of flow 

Table III 


Analyses of soil samples (after adding salt) at Ai, in 10-foot zone, 

in direction of flow * 


Depth m 
feet 

1 

pB 

Soil water 

1 5 

1 

1 

Total 

salts 

(per cent) 

1 

Clay 
content 
(per cent) 

Ex 

BASES, W CS PEK 

100 G 

Jloistuie 

Ca 

Mg 

Na and K 

0-1 

10 2 

1 

1 46 

21 12 

4 40 

06 

14 5 

13 35 

1-2 

10 1 

1 60 

19 20 

8 20 

04 

12 1 

15 41 

2-3 

10 15 

1 60 

17 28 

3 80 

0 6 


1810 

3-4 

10 2 

1 38 

16 26 

4 60 

06 

11 0 

20 28 

4-6 

10 3 

1 30 

20 23 

30 

06 

14 7 

22 5 

6-0 

10 26 

0 63 

26 32 


04 

16 0 

24 20 

6-7 

10 2 

0 30 

14 64 

7 80 

03 

83 

20 46 

7-8 

10 15 

0 22 

16 78 


02 

66 

22 37 

8-0 

1016 

0183 

11*70 


02 1 

86 

1814 



B R Dyer 893 


Table III — concM 


Depth m 

pH 

TotTi 

salto 

Clay 

conlent 

Ex 

BASES M CS FEB 

100 G 

iloisture 

feet 

1 5 

(per cent) 

(per cent) 

Ca 


xCa and K 


9-10 

10 10 

0 21 

9 74 

3-2 

02 

oS 

14 60 

10-11 

9 so 

0 107 

2-20 

40 

00 

2 S 

443 

11-12 

9 70 

0 103 

3 OS 

46 

00 

24 

5 S8 

12-13 

9 70 

0 107 

3 12 

5 0 

0-0 

28 

10 66 

13-14 

9 SO 

0 095 

264 

40 

0-0 

2 2 

17-75 

14-15 

9 70 

0 070 

364 

34 

00 

20 

27 24 


Water table 


15-16 

0S5 ' 

1 

0123 

2-20 

84 

1 

00 

1 

28 ! 

t 

16-17 

9 70 1 

0 06S 

4 58 

46 

0-0 

24 j 

1 


Table TV 


Analyses of soil samples at Karol heliceen the 5-foot and 10-foot zones, 
7 feet 6 inches from the charging well {opposite well MS) 


Depth m 
feet 

c pH 

Sod -water 

1 5 

Total 

salts 

(per cent) 

Clay 
content 
(per cent) 

Ex 

Ca 

BASES, iLCS FEB 

100 G 

1 

2Ig j 2Ja andK 

Hoist nre 

0-1 

845 

0 145 

54 46 

11 60 

1 

0-2 

06 

10 8 

1-2 

845 

0 120 

31 46 

12 20 

0-2 

08 

10 5 

2^3 

8 75 

0-082 

12 88 


03 

1-70 

11 3 

3-4 

S 70 

0 064 

1140 

7 40 

04 

1 SO 

18 4 

4-5 

8 SO 

0-074 

816 

2 40 

04 

2 20 

22 2 

5-6 

S25 

0 064 

6-28 


02 

1 90 

26 3 

6-7 

S 50 

O-ObS 

6-80 

11 8 

03 

130 

26 5 
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pieces of the ongmal basket which had been saved for the purpose were soaked 
for a fortnight m pure water, N/sodiuni chloride, and N/hydrochlonc acid 
In. each case the percentage of swelhng was water, 20 3 , IST/sodiuni chlonde, 
42 5 , and X/hydrochlonc acid, 60 5 Both salt and acid had been added to 
the well and examination of the basket, when removed, showed a swelhng of 
approsimately 45 per cent 

Concentrations at the bottom of the well showed that salt had been setthng 
during the period 7th July through 3rd August (see Table V) On 1st August the 
chlonde conductivity at the bottom was 1,600 and on 3rd August it was 20,600 
Durmg this mterval no salt had appeared m the wells of the 5- or 10-foot sone 

Table V 


Salt concentration in charging well before remoial of baslet 


Date 

StrBFACi. 

1 Bottom: 

pH 

Chlonde 

Condnctinty 

1 1 

! pH 

Chlonde 

Conductivity 

July 



1 


i 



7tli 

7-7 

149 

390 



1 


iia 

7-7 

429-0 

9,500 





iitt 

7 9 

239-0 

9,500 





18th 

7 7 

264-0 

7,000 





20th 

8-2 

140 0 

2,750 1 





21at 

80 

158 0 

3,100 

1 




24th 

1 

S4 

165 0 

1 

3,400 


i 

1 



26th 

83 

i.m 0 

22,500 1 

! 

1 



2ith 

83 

366 0 

7,500 

1 

1 

i 

1 


28th 

7 9 

148 0 

2,840 j 


1 

1 



29th 

81 

165 0 

2,900 
’ 1 





August 



1 

1 




1st 

81 

25 5 

860 1 

j 83 

i 

72 8 

1,600 

3rd 

75 

165 0 

3 600 j 

1 73 


1,095 0 

20,500 


The basket was not restored to the well and 5 kilograms of salt were added 
on 4th August and agam on 9th August Three pounds of hydrochloric acid 
were added on 8th August, 2 pounds on 29th August and another 2 pounds on 2nd 




896 


NaCl as Indimtm for Floio of Soil Water 


September Following tbe addition of salt on 9tb August tbe chloride content of 
the well chopped rapidly to 28th August when the surface content was 29 and that 
of the bottom 37 (Table VI) The addition of acid brought the surface content 
up to 56 and the bottom content up to 151 A sample taken on 4th September 
showed surface content to be 95 7 and the bottom content 224 

Table VT 


Sali reaction in charging well during determination of direction 

of flow 


Date 

SUKFAOF 

Bottom 

pH 

Chlondo 

1 

Conductivity 

pH 

Chloride 

Conductivity 

August 



1 

1 




4th 

76 

280 

4,860 

76 

280 

4,000 

4th* 

+8 4 

6,760 

140,000 

8 4 

6,600 

136,000 

6th 

+ 84 

1,776 

38,200 

-f'8 4 

6,140 

116,000 

7th 

+ 84 

1,080 

24,000 

+8 4 

1,970 

31,600 

8th 

7 7 

645 

10,200 

81 

1,660 

28,600 

9th 

67 

330 

6,200 

63 

1,018 

19,600 

11th 


495 

10,000 


1,166 

22,000 

12th 

7 7 

330 

6,000 

76 

1,146 

20,760 

14th 

7 7 

338 

6,100 

7 7 

660 

9,600 

16th 

8 1 

280 

4,600 

81 

404 

7,000 

18th 

8 1 

166 

3,100 

81 

313 

6,000 

22nd 

81 

166 

2,900 

8 1 

223 

4,100 

24th 

81 

147 

2,600 

79 

214 

3,960 

28th 

7 9 

29 

626 

7 9 

37 

730 

September 







Ist 

69 

66 

1,360 

62 

161 

3,000 

6th 

69 

90 

1,600 

66 

161 

2,860 

00 

7 3 

61 

1,200 

69 

102 

1,850 

1 

1 


* With this exception, all samples were taken before addition of reagents 
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The charging well was thoroughly pumped out on 8th September and no more 
salt was added As shown by Table YII the chloride content dropped very low 
and did not rise until 2 pounds of acid were added on 29th September Samples 
taken on 2nd October showed a surface chlonde content of 80 8, and a bottom 
content of 179 9 On 2nd October, one-half pound of fluorescem and one pound 
of potassium hydroxide were added 


Table VII 


Salt reactions after pumping out charging ivell 



SVBFACE 

Bottom 

Date 

pH 

1 

Chlonde 

Conductivity 

! 

pH 

Chlonde 

Conductivity 

September 

i 






0th 

1 

7 5 

1 

69 

480 

7 5 

24 4 

800 

11th 

79 1 

28 

390 

1 

7 7 

6 6 

430 

13th 

83 { 

1 

63 

1 

400 j 

84 

49 

300 

16th 1 

1 

84 

1 

6 1 

1 

365 

1 

8 1 

» 

420 

18th 

i 

84 

49 

340 

8 1 

6 1 

426 

20th 


54 

360 

1 

8 1 

56 

390 

22nd 

81 1 

4 9 

336 

84 

1 

59 

390 

26th 

84 

65 

345 

8 1 

' 65 

400 

29th 

84 

64 

' 300 

79 

4-9 

395 

October 



1 




2nd 

66 

j 80 8 

1 

, 1,850 

63 

179-9 

3,100 


Heceiving wells 2, 5 and 7 of the 10-foot zone had the tops of the weU screens 
17 feet 10 mches below the ground surface WeU 5 proved to bo m the centre of 
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tlie salt flow and wells 2 and 7 were at the margins, making a stream of about 
feet in ividth Salt first appeared in ^^ell 5 on llth August, and was observed 
in v-ells 2 and 7 on 14tli August It rose in concentration continuously through 
21:th A.ugust and then began to recede (Table VITI) 


Table VIII 

Salt recoveri/ in nells 2, 5 and 7 


Date 

CUA.RQ1NG WILL 
BOTTOM 

1 

1 Wexl 2 

1 

Well 5 

Well 7 


j pM 

Chlorule 

pH 

Chlonde 

pH 

Chlonde 

pH 

Chlonde 

August 

r 

1 

i 



■ 





9th 

6 1 

1 

1,018 0 

77 

j 0 99 

81 

3 96 

76 

116 

nth 

1 

1,165 0 


0 99 


74 6 


3 96 

12th 

7 5 

1,146 0 

75 

4 04 

7*7 

140 3 

76 

460 

llth 

7 7 

660 0 

76 

10 0 

7 7 

148 6 

76 

10 8 

16th 

,8 ' 

1 

460 0 

76 

16 2 

77 

166 0 

1 

! 75 ! 

13 3 

18th 

8 1 j 

j 313 0 

76 ' 

1 28 0 

; 7 7 

i 

1 181 6 

75 

j 20 0 

24th 

1 79 

214 0 

75 

38 8 

7 7 

236 6 

76 

446 

28tb 

7 9 

37 6 

76 

1 

1 

29 9 

7 7 

222 7 

76 

32 4 

September 









6th 

66 

161 0 

7 6 

29 7 j 

7 6 

198 0 

75 

448 

8th 

6 9 

102 0 

76 

30 3 

76 

206 0 

7 6 

448 


There was a second rise of chloride content in these wells from 15th to 
September which may have been associated with the addition of acid to the c arg 
ing well made on 29th August and 2nd September (Table IX) No rise m sa 
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content was observed in the wells of this zone following the addition of one pound 
of acid on 14th July There was an apparent effect upon the salt concentration 
when 2 pounds of acid were added, while the addition of 3 pounds of acid (on 
8th August) resulted in a sharp rise of the salt content in the 10-foot zone within 
4 days (by 11th August) 

Table IX 


Salt recoiery tn wells 2, 6 and 7 after charging well had 
been pumped out 


Date 

Ch^boiso -well 

BOTTOAI 

Weix 2 

■Weix 5 

Well 7 


pH 

Chloride 

pH 

CWonde 

pH 

CUonde 

1 

‘ pH 

1 Chloride 

t 

September 

9tb 

1 

75 

24 4 

1 

1 70 

241 

77 

166 0 j 

76 

1 

i 

1 

1 39 8 

11th 

7 7 

56 

75 ( 

28 4 

1 79 

165 0 

75 

1 343 

13th 

84 

49 

77 I 

20 7 

1 7 7 

1 

173 2 

76 

68 1 

15fh 

8 1 

1 

64 

76 1 

32 3 

7 7 

200-0 

75 * 

67 6 

18th 

1 

81 

6 1 

' 76 

40 3 

7 7 

166 0 

73 

601 

25th 

8 1 

55 

7 5 ' 

' 10 8 

75 

165 0 

75 : 

26 1 

29th 

1 7 9 

49 

7 5 

21 7 

7 7 

107 5 

75 1 

19 1 

October 

2nd 

' 63 

179 0 

75 

17 8 

75 

1 148 5 

1 


10 3 

5th 

J 

) 


75 

10 5 i 

7 5 

67 5 

! 

75 

4 6 

9th 

[ 

1 


77 

^ 

( 

' 10 5 

1 

I 75 

1 

f 

1 42-9 

1 

75 

33 


It is well known that salt is used to put a glaze on spun concrete pipe, but 
the amount is too small to account for the results indicated m Table IX so 
such objections may be discounted. ’ 
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By 13tli October the charging well had returned almost to normal and the 
conductivity at surface and bottom was 430 (Table X) It was decided therefore 
to make the determination for velocity For this purpose 25 pounds of salt 
were added on 16th October , 2 pounds of hydrochloric acid on 20th October, and 
2 pounds of hydrochloric aud on 28th October As in the other experiments, 
there was an appreciable rise in the chloride content after the addition of the 
acid 


Table X 

Salt reactions %n cliaiging well during determinations for velocity 


I 

ScRrACL ' Bottom 


Date 

, pH 

1 

Cblonde 

Conductivity 

pH 

Chloride 

Conductmty 

October 

! 



1 



13th 



430 



430 

17th 



3,400 

1 

I 


26,000 

ISth 

7 7 

1 

2,300 

1 „ 


7,200 

20th 


117 9 

1,400 


238 3 

2,300 

2l8t 

3 8 

491 6 

6,600 

38 

667 6 

6,600 

23rd 

63 

212 2 

1,960 

1 

63 

498 3 

4,100 

29th 

49 

412 6 

3,100 

6 1 

667 6 

4,600 

31st 

i 

62 

303 6 

2,900 

60 

412 6 

4,100 

November 


1 





2iid 

[ 67 

214 6 

2,160 

65 

363 0 

3.260 

4th 

76 

16 6 

626 

73 

33 0 

680 


Less salt was added in the experiment for velocity and as appears m 
Table X, there was less reaction m the charging well As in ca 
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^ rs tlift recemnc» weUs was also leas and of shorter 
Table XI, the reaction m the recem „ 

duration 

Table XI 


Salt Tecoienj tn wells 2, 5 and 7 


CHABor^o wEtx I Well 2 
bottom 


Well 5 


Well 7 




Octoter 


^Covember 


3 3 I 767 0 


6 3 -193 3 


51 1 567 0 
511 561 3 


6-0 1 412 5 


6 5 214 5 


7 3 I 33 0 


70 I 100 ” I ““ “ 

,7 1 90 70 j =»■« ” ” 

'i .90 ” j 

,6 1 1.9 70 I 


77 . 122 76 336 75 1 9 


75 1 ns 7 7 386 | 7 4 2-6 


75 i 12 0 , 7 5 I 42 2 
75 1 102 7 6 j 39 5 


74 19 


75 I 118 I 75 ' 45 5 7 8 2 9 

7 6 95 75 382 75 1 3 


■U^V.Itt o -nnnr i t \ Qt m TTI ftTlti for till6 d-BtCCtlOB. 

This study indicates that salt is pro alkaline soil because it accumu- 

of direction and velocity of ^ound wa , , .7 ^ before it can be forced 

ktesmtteeiarg,9| «eUa9dm,jstbe 

into the stream Fluorescem also prov „„npar in the wells of the 10-foot 

added to the charging well ^ ?l,riateT "^en tapped in the 10-foot wells 

zone until 3rd Janimry. a full 3 months later Hen tappea in w 
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the salt was found in tlie stiatuiu containing kankar It will be recalled that the 
6-foot wells did not enter this stratum which may explain the fact that salt was 
never recovered 

Summary 

When sodium chloride is used as an indicator for soil water flow in an alkaline 
soil, the salt flows from the charging well downward and, doubtless to some extent, 
laterally Therefore, it cannot be considered a satisfactory medium for the 
measurement of velocity and it may also be an imperfect mdicator for direction 
of flow This conclusion applies in particiilai to alluvium soils and to a greater 
extent to quicksand sods 

Likewise, fluorescein made up in au alkahue solution vs as pioved unsmtable 
for an alkaline sod, for in the present experiment fluorescem was added to the charg- 
ing well on 2nd October and appeared in the wells of the 10-foot zone on 3rd January, 
a full 3 months later 

Salt appeared m the receiving wells only after the addition of acid to 
the chargmg well Salt appeared in the deep wells which tapped the area 
contdinmg kankar, and never appeared in the shallow or medium deep wells which 
did not tap the stratum contaimng kankar 

Acknowledgments 

The writei wishes to express his thanks to Di E McKenzie Taylor, Duector 
of the Irrigation Research Institute, Punjab, for the use of his laboratories in 
malang sod analyses and to his assistant, Dr A Sarup, sr sc , rh d , for his 
careful, efidcient work 


REFERENCE 

Ind Jour Med Res , 29, 4, p 867 


Dyeb, Brian R (1941) 



Ind Jour Med Res , 29, 4, October, 1941 


HEMATOLOGICAL STUDIES IN INDIANS 

Part XIV 

THE 3^EASUEEME^^’ OP THE RED CELL DL4JIETER 
STAHDAED PRICE-JONES’ CURVE FOB AN 
INDIAN POPULATION 

BY 

L EVERARD NAPIER, f r c p (Lond ), 

P C SEN GUPTA, ii B (CaL), 

Aimina Research Department, Calcutta School of Tropical Medicine, 

ASD 

C CHANDRA SEEAR, m sc , ph d (Lond ), 

Department of Vital Statistics d Epidemiology, AU-India Institute of 
Hygiene <L Public Health, Calcutta 

[Received for pnbbcation, June 6, 1941 ] 

The methods in common use — ^Tliere aie at present three principal methods 
lor measurement of the diameter of red cells, namely ■ — 

[i) The images of the cells at a fixed magnification (usually 1,000) are 
projected on to a sheet of paper, and the outimes of the images 
accurately traced , these are measured -wnth the help of a diagonal 
scale calibrated to give the size m accordance vnth the fixed magm- 
fication Alternatively, the outhnes of the cells can be dra-vni on a 
piece of paper by means of a camera iucida 
(u) Hynes and Martin (1936) have desenhed a more rapid method of measure- 
ment The images of the cells are projected on to a ground-glass 
screen at a fixed magnification (usually 2,000 times), and these are 
directly measured on the screen by supenmposmg a ceDuloid protrac- 
tor, on vhich circles mth diameters varying by the equivalent of 
0 25 have been draira with a fine pair of dividers 
(lit) Measurement with the help of a special micrometer ocular The special 
ocular can be placed in the ^aw-tube of any microscope As one 
{ 903 ) 
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looks through it, the veitical scale ivhich overhes any object 
brought into focus can be seen The measurements on this scale 
can be calibrated by means of a stage micrometer for the particular 
tube length and lenses employed By means of a micrometer 
screw and calibrated drum-head, the vertical scale can be moved 
from side to side aud thereby measurements made m a horizontal 
as well as in a \ ertical direction 

The first method was originally used by Price-Jones and this was the method 
adopted by Napier and Das Gupta (1936) The alternative of usmg a camera 
lucida was utilized by Maplestone (Chaudhuri, 1933) The method of Hynes and 
Martin was modified by Stankaran and Rao (1938), and adopted by the latter m 
their hcematological studies In the original method of Hynes and Martm, the 
images of the red cells are projected on a horizontal ground-glass at a fixed magni- 
fication of 2,000, by means of a nucioscope aud a pomtohte of 100 c p Sankaran 
and Rao (Zoc cit ) employed a Bausch and Lonib euscope so that the images of cells 
were projected on the vertical ground-glass screen of the instrument and the source 
of lUurmnation was a powerful carbon arc lamp working at 220 volts and 4 5 
amperes They used higher magnifications, and the series of circles on the 
celluloid protractor scale used were graded to correspond to intervals of 0 6 
The instrument actually in use at the All-India Institute of Hygiene & Public 
Health, Calcutta, had a magnification of about 4,200, a Leitz microscope with 1/12 
objective, 170 mm tube length and 28 X ocular being used The series of circles 
on the celluloid protractor increased by steps corresponding to 0 25 /i 

Accuiacy of methods — Regarding the accuracy of the different methods as 
compared with the classical method of Price-Jones, Whitby and Britton (1939) 
are of opimon that the method of using a camera lucida to draw the outhnes of 
the cells is qmcker but less accurate, and the results obtamed by Pnce- Jones’ and 
Hynes and Martm’s methods are quite comparable, withm acknowledged hroits 
of experimental error, except when there is an extreme degree of pofialocytosis 
The measurements by the special ocular micrometer are regarded by Musser and 
Wintrobe (1933) as being qmte easy to make, although such measurements are 
not as accurate as are those obtamed by the use of more complex methods 

Wfiilst usmg the method of Sankaran and Rao, one of the writers noticed 
that the diameter of a cell measured at the centre of the field was markedly 
different from that found when the same cell was moved to and measured at the 
periphery of the ground-glass screen of the euscope, e g a cell which measured 
9 yx at the centre measured 11 fj. at the periphery of the screen Even when the 
image of a cell was moved through 2 or 3 mches a distmctly different measurement 
was obtamed Also there was some distortion of the shape of the nnage of the 
cell as it was moved from the centre to the peripheral part of the screen 

* In their paper, Sankaran and Rao (1938) did not mention in detad tho optical apparatus that 
they used, or the magnification that this produced We have now ascertained that this was aoou 
2,000, so that our criticism of the apparatus, as it was reassembled in Calcutta, would pro a 7 
apply to tho apparatus used by Sankaran aud Rao in their investigation m 1938 The pro a 
18 stren^ened by the fact that the coefficients of vanation reported in their paper (jomparp y r 
favourably with those m the present one ^ 
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In order to find out the cause of this anomaly in the measurement, a micrometer 
objectue scale (the divisions 10^ apart) was placed under the microscope and its 
image w as focused on to the ground-glass screen of the euscope It vras found that 
the image of the scale on the screen was markedly distorted by sphencal aberration, 
so that the images of the parallel hues of the scale were not straight By usmg 
the celluloid protractor, used for measurement with this instrument, it was found 
that the distance between the hues was 9 25 at the centre and 11 25 ^ at the 
penphery and 10 /t about undway between the centre and the periphery 

It was thus decided that there was too much spherical aberration present to 
allow uniform measurement of a cell at different parts of the field The high 
magmfication (about 4,200) which necessitated the use of an eye-piece contaming 
very thick lenses was beheved to be the cause of this degree of sphencal 
aberration 

In order to see if the defect due to sphencal aberration could be ehmmated, 
we reduced the magnification, and used a fixed magnification of 2,000, as m Hynes 
and Martm’s original techmque By using a Zeiss microscope with an oil-immersion 
objective 90, tube length 154 mm and a Leitz eye-piece 15 X , it was found that, 
with the particular euscope, a magnification of 2,000 could be attamed This was 
estimated as follows the Zeiss stage nucrometer scale was placed under the oil- 
immetsion objective, and its image was focused on to the ground-glass screen of the 
euscope By usmg a senes of eye-pieces, it was found that with Leitz 15 X eye- 
piece and the tube length of 154 mm ,sthe distahce between the images of Wo 
consecutive hues was just 2 cm , i e the image of 10 n was magnified to 2 cm , 
or 20,000 n, that is, 2,000 times At this magnification there was very httle 
sphencal aberration, and m an area 4 inches by 3 inches about the centre of 
the field there was no sphencal aberration at all This nas seen from the fact 
that the distance betiveen the images of the fines measured 2 cm at every part 
of ,thi8 reduced field The red cells that could be included in this field were 
reasonably numerous to allow a rapid measurement of 500 cells 

A celluloid protractor nith a senes of circles corresponding to cell sizes between 
4/i and 12 fx diameter in 0 25 stages was prepared At a magnification of 2,000, 
0 25 /II equals 0 5 mm The radn of the circles were thus made to mcrease by 
0 25 mm To obtain this small measurement, a diagonal scale was prepared which 
gave measurements of multiples of 0 25 mm With the help of this diagonal scale 
circles were draivn in Indian ink on a celluloid sheet, with a pair of fine bow 
compasses, of diameters from 8 mm to 24 mm at 0 5 mm mtervals, which 
corresponded to cells of diameters from 4 /t to 12 Circles corresponding to 
smaller and larger measurements were drawn on another sheet 


Details of technique 

Apparatua required 
(») A Bausch and Lomb euscope wj,th projection screen 

(ii) A mechanical feed arc lamp with condenser, working at I I amperes and ’20 volts 
(hlter)^ ^*1* distilled water for cooling the beam of Lght from the are lamp 

J, ME jg 
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(itf) A nULiobcopi, with oil inuucrsion objtcli\c and cyt pitct to givu a magnification of J,000 
on the projection screen of the tiisoQjic 

(y) A stage niierouicter scale (Ztiss) witli dnisious 10 /j. ajmrt 
{' t) A celluloid cm /inin stale 

{ill) Celluloid protractor for iiiea''iiriii«' the tells {nilc ^upm) 


Assembling and adjusting the appaialus — The Text-figure shows the euscope 
with microscope aud arc lamp assembled The concentrated beam of hght from 
the arc lamp, cooled by passage through water in the filter, is focused on to the 
concave mirror of the microscope which reflects it through the condenser, the objec- 
tive and the eye-piece of the microscope The total reflexion prism of the euscope 
placed over the ocular reflects the light on to the opaque screen of the euscope The 
condenser is fully raised up and, with the high power obj ective turned on, a bnght 
beam of light is focused on the opaque screen After the illumination has been 
adjusted, the miciometer scale is placed under the objective of the microscope and 
the image of the scale is focused on the opaque screen , first is used the low power 
and finally the oil-immersion objective A final adjustment of hght is made to 
give the maximum illumination The opaque screen is now moved ofi and the 
image is focused on to the ground-glass projection screen of the euscope By 
moving the microscope and/or the prism, the image of the scale is so projected that 
the hues of the scale are vertical and parallel and entirely free from sphencal 
aberration, at least within an area of about d mches by 3 inches marked out 
around the centre of the viewmg screen 



TEXT-FIGUBi, 


The magnification of the apparatus is adjusted to be 2,000 by the use of a 
suitable oil-immersion objective and eye-piece, and varying the length of the draw- 
tube of the microscope (mde supra) 

Measuring the cells — The micrometer scale is next removed, the blood filub 
stained with a Romanowsky stain and counterstamed with 1 per cent 
eosm solution, is placed under the oil-immeraion objective, and the image o 
cells 13 focused on the ground-glass screen of the euscope Only those ima^ 
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the cells tli.ifc fall mtluu the reduced field are measured The celluloid protractor 
mtli the senes of graduated circles is superimposed on the image of the corpuscles 
to find the circle that fits the image of each cell Each cell is measured to the 
nearest 0 25 /i The measuremeut of circular corpuscles is qmte easy In the 
case of the irregular-shaped corpuscles, a circle is found such that the area of the 
corpuscle falhng outside the circle is about the same as the area of the circle 
unfilled by the image of the corpuscle Five hundred cells are measured from 
difierent parts of the blood film It is better to avoid the ‘ tail ’ end and the 
thick parts of the smear as in the former the cells are excessively spread out 
md in the latter the cells oierlap and are not ivell spread 

Betorduig the r&>idts — ^By this method, 500 cells can be measured m about 
40 to 90 nimutes, the time depending on the size of the cells and the degree of the 
poilaloc}'to3is, the larger and more irregular the cells the longer is the time 
reqmred An assistant is needed to note down the measurements and record 
the nmnher of cells counted with a countmg machine of the type of a Veeder 
counter 

From the figures obtained the mean diameter standard deviation and 
coefficient of variation are calculated A Pnce-Jones’ curve is drawn by plottmg 
the figures on graph paper The degree of microcvtosis and macrooytosis can also 
be determmed from this curve by comparison with the maximum and minimum 
ideal curves, the ov erlappmg of a curve beyond the minimum ideal curve on the 
low side and the maximum curve on the high side indicates the degree of imcro- 
cvtosis and macrocytosis, respectively 

Test for accuiaaj of the technique — For this, one smgle slide was examined 
repeatedly by tbe 'same observer he made 9 separate tnals, measuring 600 cells 
on each occasion Table I gives the figures m detail and also the mean and 
standard deviation of the cell diameter for each tnal The analysis of vanance 
giies the following results — 


Test of significance for the difference hetneen means in 
different trials 


\ 

v>oarct; of variation 

j 

Degrees of 
ir^om 

1 

I 

Sum of 
squares 

Mean 

square 

1 

1 Ratio of 
j mean squares 

1 

Bctneea tnals. 

S 

3 079 

0 747 

1 

1 2 306 

Withm tnala ^ 

> 4,491 

1,455 400 

0 4J4 

t 

TOTJi 

' 1 

I 4,409 

1 

, 1 

1,461 J7<l 

> 


J 
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Table I 
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13 

28 
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31 

91 
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1 

84 
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70 

93 
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65 
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43 
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51 

42 
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40 
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24 

23 


22 
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18 

16 

18 
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10 
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8 

0 

8 

4 

■ 

9 

11 
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6 
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0 

4 

7 

1 

u 

H 
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0 
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3 

1 

(» 

1 
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4 
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2 

2 

8 50 

1 
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! 

2 
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9 00 
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Jlean diameter 

0 6085 

0 5275 

0 5025 

0 5620 

0 0190 

6 5435 

6 5246 

0 5646 

0 6760 



Standard 

deviation 

0 5898 

0 5601 

0 5784 

0 5930 

0 5552 

0 0037 

0 6610 

0 6378 

0 6440 


The ratio between the mean squares is 2 306 For 5 per cent significance the 
ratio must be 1 96 and for 1 per cent 2 65 The ratio thus lies between these 


two values 

It IS thus clear that this process of estimating the mean cell diameter involves 
errors other than those due to random sampling , these are other errors of experi- 
mentation Variations in cell diameters due to aU these errors wiU be taken in o 

consideration if we assume = 0 03865 as the estimate of the standard 

error of the mean and not = 0 02646 Thus, m usmg the conventional 

,1 

limit of 3 times (say) the standard error of the mean for testing homogenei y, 
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value 0 03865 should be adopted as the estimate of the standard error of the 

mean This is equivalent to using Q-gigie X 3 = 4 65 times the estimate of the 

standard error of the mean, if the estimate had been made on the basis of the 
vanation among the 500 cells observed at each trial Thus, it appears that to 
allow for error of experimentation includmg that due to samphng, m ]udgmg 
significant differences in mean diameters, the smallest difference of any importance 
should be at least 3 x 0 03865 /«, i e 0 12 ^ 

Test of significance for difference tn standard deviation — The homogeneity of 
the standard deviation m the different trials was tested by means of Neyman and 
Pearson’s Lj test and no significant difference emerged 

Comparison of the results obtained by measurements at a magnification of about 
4,200 with those obtained at a magnification of 2,000 times — A number of sbdes in 
which the mean diameter, standard deviation, etc were obtamed by measurements 
at a magnification of 4,200 were ex amin ed by the techmque described m this paper 
Table n gives the mean diameters and standard deviations obtamed by the two 
methods It will be seen that the mean diameters are practically the same m a 
number of cases This is not surprismg as the scale used is correct at a point about 
midway between the centre and the penphery of the ground-glass screen, the high 
measurements m the penpheral region cancellmg the low measurements of the 
centrally placed cells — images of the cells over most of the (though not the entire) 
field having been measured The standard deviation and the coefficient of vanation 
m every instance are greater than those obtamed by the present techmque , the 
difference m most instances bemg very considerable This means that the Price- 
Jones’ curve will have a wider base That there is greater probabihty of error 
in measurement m the former method is also evident from the optical defects 
enumerated above 


Table II 



Mea\ cobpuscclab 

DIAilETEB 

Stsndabd deviation 

Coefficient of 

VABIATION 

Slide number 








By 

By 

By 

By 

By 

By 


method I 

method IL 

method I 

inefchod U 

method I 

method II 

I 

7 6U 

7 522 


0-525 

8 67 

6 9 

n 

7 750 

7 815 



84 

7 17 

HI 

7 867 

7 881 

0 637 

0 542 

8 1 

6 8 

r\^ 

7 834 

7 842 

0 645 

0 530 

82 

6 79 

V 

7 300 

744 

0 660 

0 416 

89 

5 5 

\ I 

7 643 

7 633 

0 637 

0 542 

83 

7 1 

vn 

7 250 


0 037 

0 630 

948 

8 S 

"VHI 

7 817 

7 745 

0 667 


$ 5 

R 3 

IX 

7 880 


0 020 


78 

7 o 

X 

7 430 


0 690 


93 

80 


Slethod I = by u sin g a magnification of about 4 200 
"Method n = by using a magnification of 3,00Q 
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Dele) mnulton of the mean, Uandard deviation and coefficient of vanahon of red 
celt diameters in noimal Indians {mainly Bengalees) Standard curve for normal 
Indians — ^The technique described above was adopted to detenmne the mean, 
standard deviation and coefficient of variation of cell diameters of a normal Indian 
population (mainly Bengalees) resident in Calcutta Blood films were made from 
25 persons (doctors and laboratory assistants) and these were stamed with a 
Romanowsky stain and counterstained ivith aqueous eosin In each case the blood 
was taken from the finger and was collected in the forenoon Table III gives the 
mean, standard deviation and coefficient of vanation of red blood cell diameter of 
these 25 normal men It will be seen that the mean diameter obtained is 7 3438 n 
■with a standard deviation of 0 1328 ft 


Table III 


Serial number 

Moan cdl diameter 
(MCD) 

Standard deviation 
(cr) 

Coefficient of variation 

(v) 

1 

7 316 

0 520 

711 

2 

7 479 

0 635 

7 16 

s 

7 28 1 

0 461 

6 10 

4 

7 257 

1 

0 48S 

6 72 

5 

7 455 

0 445 

5 08 

6 

7 304 

0 482 

b 52 

1 

7 1 

7 374 

0 628 

7 10 

8 

7 288 

0 490 

6 72 

» 

7 316 

0 360 

4 78 

10 

7 431 i 

0 626 

7 06 

11 

7 381 

0 665 

7 65 

» 

12 

7 449 

0 648 

7 36 

13 

7 196 

0 476 

6 00 

14 

7 396 

0 520 

! 703 

15 

7 487 

0 402 

6 17 

16 

7 494 i 

0 630 

7 07 

17 

7 440 

0 498 

6 69 

18 

7 431 

0 42 5 

5 69 

19 

7 290 

0 617 

7 09 

20 

7 378 

i 

0 501 

6 79 
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Table III — concld 


^ , ;Meau ceU diameter 

Senal number j (MCD) 

\ ' 

' Standard deviation 

(‘r) 

Coefficient of variation 
(') 

i 

21 

7 21« 

0 65S 

7 73 

Jl 

7 o7 1 

0 460 

008 

23 

7 062 

0 517 

7 32 

24 

7 195 

0 505 ' 

1 

i 7-02 

Jo 

7 019 

0 403 

5 74 

Mean 

7 343S 

0 491S 

6 697 

Standard denatioii 

0 132S 

0 0493 

j 0 067 

Coefficient of ranation i 

1 31 per cent 

10’02 per cent 

9 96 per cent 

Standard deviation 

0 1355 

0 0503 

0 6306 


X /25 

24 


The analysis of variance to test differences m the means of the 25 persons is as 
follows — 


Source of vanation 

^ 

Degrees ol , Sum of squares >Ienn square 

freedom ' ^ 

Ratio of mean 
squares 

Betnreen persons j 

Withm persons | 

1 J 

24 1 320 33 j 9 180 

, 1 

1 12 475 j 3054 05 j 0 245 

37 47 

(verv significant) 

Total 

12,499 ^ 3274 37 j 



There is^ thus, a si’mificant difference between the means of the different 
persons It has already been observed that experimental errors, other than the 
error dne to sampling, also cause differences in means, and due to all these causes 
the estimate of the standard error of the mean can reasonably be mcreased to onlv 

= 1 52 times, the estimate made on the basis of the variation beta een the 
oOO cells measured m each experiment But the estimate of the standard error of 
the mean of the 25 mdividuals is equal to ~ 9 1355 whereas the esti- 

mate of the standard error based only on the lanations between cell diameters 
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at each trial is = 0 02214 Tiie ratio between these estimates is 6 12 

which IS considerably greater than 1 52 It follows that the variation m the 
means of the different individuals is very much more than can be accounted for 
by experimental errors only, and such heterogeneity in a group of ‘ normal ’ 
individuals has been observed by other workers Therefore, the adoption of ± 3 
times the standard deviation of the means of the ‘ normal ’ individuals, 
following Price- Jones, should give a range sufidciently wide to take into account 
all errors of experimentation, including that of random sampling We have, 

however, adopted ± 3 x standard deviation x \/ —, as the range, where n is 

the number of observations, since the standard deviation by itself does not provide 
an unbiased estimate of the variability in tlie general normal population 

The range for the mean is thus from 6 937 /x to 7 750 g The range for tlie 
standard deviation when similarly calculated is from 0 3409 /t to 0 6427 \i and 
that of the coefficient of variation from 4 66 per cent to 8 74 per cent 


The mwje of mean, standard deviation and coefficient of vanation of 

cell dumeters 


Locahtj' 

j 

Authority j 

Rnnp:e of mean 
cell dm meter 

Range of standard 
deviation 

Range of coefficient 
of variation 

London 

Price Jones (1933) j 

6 6S6 to 7 7IS 

0 4 to 0 6 

6 3 to 7 3 

1 

Cnlcuttn 

Wnters j 

6 937 to 7 760 

0 34 to 0 54 

1 

4 66 to S 74 


Construction of ideal ‘ normal ’ curves about the maximum and mimmiim 

mean diameteis 

As stated above the mimmum and maximum mean diameters for healthy 
Indians (Bengalees) were taken to be 6 937 fi and 7 750 g, respectively Por the 
standard deviation of the ‘ normal ’ curves about these means, we took 0 4948 /x 
which was obtained from the followmg formulse — 

s D = /if? X /W " 

where S D is the standard deviation of the ‘ normal ’ curve and Sd the standard 
deviation for the different individuals, and K the number of individuals 

S D = X / 1002 

= /-^- X 1 001 ,, 

= 0 49429 X 1 001 ^ = 0 4948 g 
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The ordinates of the normal curves -were calculated with the help of statistical 
tables and two normal curves were drawn about the maximum and minimum mean 
diameters These curves cut at a point correspondmg to the mean of the mean 


Grai'H 

Showing Pnce-J ones' curie based on Indian data 
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PEPTIC digest broth for Cl tetam tosm, 689 , 
idcer in South India, 311, 866 
PEPTONE, preparation of, 541 
PHARMACOLOGY of essential oil of Curcuma 
longa, 769 , of Bauwoljia serpentina, 763 
PBLEBOTOMUS argentipea, 799, papatasii, 
803 

PHOSPHATASE (serum), and bver and bihary 
damage, 647 

PHOSPHORUS metabolism -with typical Indian 
diets, 106 


PHYSICAL development of Punjabi boys* 
013 , mcasuromenta of Bombay medical 
students, 723 , methods of estunatmg vitamin 
A in fish ods, 676 , properties of hydrocele 
flmd, 263, 

PHYSIQUE of mimng population m Jhana 
coal fields, 143 

PLAGUE, epidemiology of, 61 See also rat- 
ficas 

PNEUMOCOCCUS infections (type 1), m mice, 
2 sulphanilamido 4-inethylthiazole against, 
205 

POISONING, see fluonne 
POLLUTION, see ground water 
POLYNUCLEAR count at Hyderabad, 226 
PRESEBVING MEDIUM for V cholera, 681 
PRICE JONES’ CURVE, standard, for Indian 
population, 903 

PROTEIN fractions of hydrocele fluid, 253 , 
motabobsm with typical Indian diets, 105, 
substrates, competition of, towards proteolytic 
cnaymes, 666 

PROTEOLYTIC ENZYMES, competition of 
protom towards, 666 

PROXIMATE PRINCIPLES of food by 
ohemical methods, 315 

PUERPERAL INFECTION, huemolytio strepto- 
cocci m human throat and relation to, 
483 

PUNJABI BOYS, physical development of, 
613 

PYROPHOSPHATE, influence of, on oxidation 
of Yitamm C, 71 

RAT absorption and excretion of copper m, 
751 , caloium intake and fluonne poisonmg 
in, 693 , fed on a poor nee diet, pathoIogioaJ 
ohanges in parathyroids m, 137 , festal infec- 
tion bjr L iderohamorThagia m, 686 , nrmaiy 
excretion of vitamm B, by, 667 
RAT-FLEAS in Calcutta and epidemiology of 
plague, 51 

BAUWOLFIA 3BBPENT1NA, pharmacology 
of alkaloids of, 763 

BED CELL DIAMETER, measurement of, 
903 

REDUCING AGENTS, action of, on nenrotoxm 
from cobra venom, 367 
RICE and benben, 561 , efieot of washmg 
and cookmg on nicotmio acid of raw and par- 
boiled, 83 , pathological changes in 
parathyroids in rats fed on a poor, 137 , stored 
underground, "vitaimn R m, 89 
RINGWOBM fungi, method of growing pure 
cultures of, 691 , 

BUBAL 4 PE A malana and kala azar in, 
789 , IF bancrofli in, 677 , V cholera and 
El Tor type strams m, 403 
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&A2\DFLIEb, iic P (iT'jcnlipc^ 

SAW FISH liNcr oils, Mtaiuiu \ lu, 575 
SEASOXVL A'VRLVTIOXS m lilarial 
ljTnphauj,iti=, J09 

SERA, leprous, complement fixation bj, 523 
SESPE}>TlyA, SCO Pauuvljta 
SERTOI PHOSPBLATASE, ospenincntal brer 
and biliary damage and, 047 
SHARK bvcr oils, vitamin A in, 575 
SKDs, mode of escape and penetration of bv 
infective Ian ti of )( bancrojti, 393 
SNAKE, ICC cobra 

SODHUI CHLORIDE for determination of flow 
of sod water, S91 

SOIL WATER, SCO sodium chloride 
SORGEUil TULGARE (millets), vitamin B, 
content of, S9 

STANDARD ERROR of the most probable 
number of organisms b\ dilution tests, 

^TAPETLOCOCCI m vaccine l^mph, 259 
STATISTICS, *cc cholera, cblution tests, vital 
capacity 

see El Tor ^ 

STREPTOCOCCI, hmmolytio in parturient 
■women, 491 , m throat and relation to 
pawperal infection, 483 
students, stc medical students 
^^IBSTRATES, see protein 
SB^HANILAillDB bactenosfatio effect of 
nninan bile after oral administration of, in a 
patient with bdiarj tistula, 271 , m 
pneumococcus infections m mice, 265 


technique of grouping blood, 231 
TETJNI, see Cl telani toxin. 
throat, hamolytio streptococci m, 483 
TBXROIDS, jce parathyroids 

animaL nicotmio acid in, 5S5 , nerv 
Isolation of excess, from antirabic vacoin 

6te isohasmagglntinms 

telani, peptic digest broth f 
motion of, 689 See also epidemic drops 
argemone od, i- i~ 

'^^SinssiON see bala azar, nialan 

I tropica V cholera 

see L tropica 


TUBERCULAR affections, human, reliability 
of guinea pisr inoculation test for cbagnosis of 
531 

I LCER sec pepDo ulcer 
I RE A tec blood urea 

URINARY EXCRETION, ^re morphine, 
vntamm B, 

URINE mcotimo acid m, 341 

VACCENB antirabic, elimination of excess 
nervo tissue from, 303 , lymph, staphylococci 
in, 259 

VENOM, crude cobra, separation of neurotoxm 
from, 367 

VIBRIO CEOLERAB distribution of, m rural 
areas in India, 403 , El Tor m natural water 
sources in absence of cholera, 419 preserving 
medium for, 681 See also cholera 
VITAL CAPAC ITY of Bombay medical 
students, 723 

VTT AMIN A content of Indian fish bver oils, 
95 575, deheienoy amongst Bengalees, 591 , 
determination of minimal and optimal 
requirements of, bv visnal adaptation in dart, 
501 

V ETAMIN B, content, of human milk, 567, 
of millets, whole wheat and nee, 89 
VITAAny B, unnary excretion of, by rats, 
557, 661 

VITAMIN C influence of pyrophosphate on 
oxidation of, 71 

VITAMIN D content of fish oils, 699 
VULOABE, see Soryhum lulyare 

WATER poUntion of ground water m alkaline 
alluvium soil, 867 , sodium chlonde for 
determination of flow of soil water, 891 , vibno 
El Tor m natural sources of, 419 
WHEAT (whole), vitamm Bi content of) 89 
WITEBSKW. KUNGENSTEIN and KUHN 
(W K K ) antigen, preparation and use of, 
527 

WOMEN hiematological studies m normal 
Indian, m Calontta, 375 h'Emolytio 
streptococci m partnnent, 491 
WCCHEREBIA BANGROPTI infection m 
a rural area, 677 , infective larvm o£, their 
mode of escape and penetration of skm, 

109 




